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JOURNAL OF PHYSIOLOGY. 


THE PHYSIOLOGICAL ACTION OF HEAT. Br B. F. 
LAUTENBACH, M.D. Pu.D., Assistant in the Physiological 
Laboratory of Geneva. 


HEAt, in its action on living diiiliies has long been the subject 


of study and experimentation, and many curious facts have been 


determined. With but few exceptions, these facts still remain to 
be explained, and many of them are given in works of science as 


curiosities or fictions. It is the object of the Author in a series of com- 


munications to clear up some of these matters in as satisfactory a 
manner as possible. In doing this, the action of heat on the indi- 
vidual tissues will first be studied, for after this has been done, its 
action on the organism as a whole will be more easy of comprehension. 

Of course in such investigations a distinction must be made between 
wet and dry heat; the former of which was shown to be the more active 
over a century ago. It was found that while it was impossible for an 
individual to keep his hand in water at 51°65° C. (Fordyce, Blagden’ ; 
Solander, Banks), it was possible to remain five minutes in air at 
92° to 99°5° (Banks). | 


The Action of Heat on the Motor Nerves. 
When the motor nerves of a frog are heated to a certain degree 


movements of the muscles are produced. To produce these, the heat 
can act in two ways; either through destructive changes in the nets, as 


} - 1} Phil, Trans., 1775, Part I., pp. 111, 484, 
PH. Il, 1 
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2 F, LAUTENBACH. 


are produced by the hot iron and by boiling; or it can act asa stile 
irritant, withcut destroying the irritability of the nerve or muscles 
(Valentis, Schiff, Rosenthal and Afanasieff). That movements 
occur through the heat acting as a simple irritant, has been denied by 
; Eckhard, Harless and Griitzner, who contend that these always 
| are due to destructive changes in the nerve, or (Griitzner) to the heat 
merely increasing pre-existing movements in the muscles, _ 

Before attempting to determine which of these two sets of experi- 
mentors are in the right, it will be necessary, in order to have a clear 
insight into what has been done up to this time, to give the degrees of 
heat at which the previous investigators observed the motor nerves to 
respond, 

When Valentin’ dipped the sciatic nerve of a frog in ‘waiae of from 
30° to 40° C., contractions frequently occurred at the moment when the 
nerve touched the water, and sometimes at the moment of removal. A 
temperature (water) of 57° or 58°C., produced tetanus of the gastro- 
cnemius and soleus muscles. This investigator further found that when 
he left the nerve for one minute in water at ssi C, its sca tacsacd was 

not diminished. 

In Eckhard’s’ experiments, water at 55° R. (almost 69° C.), brought 

in contact with the nerve, produced contractions in the muscles. 

In Schiff’s* experiments, contractions sometimes occurred at. 45° 
(hot water). Under these circumstances the nerve retained its excita- 
bility. At 60° C., stronger contractions were produced, but the nerve lost 

its excitability. When heat (water at 54°) applied to a given. portion 

_ of anerve had once produced movements, this investigator found that 
the same degree of heat a second time applied to the same portion of 
the nerve again produced movements, 

The lowest degree of heat (vapour of water) which Harless* found 

to act as an irritant was 63° R. (78'8'C.). 

Rosenthal and Afanasieff® using heated: oil found that at a tem-.« 
perature of from 35° to 40°C, the muscles contracted; 40° to 45° C., 
produced tetanus; over 65° the nerves were killed without contractions 
resulting. 

In the experiments of G riitaner* made with dry heat on the motor 


1 Lehrbuch der Physiologie, Vol. 11. 
2 Zeits. f. rat. Med., Bd, x., 1851, p. 165, * 
8 Lehrbuch d. Phys. Vol p. 97. 
Zeitschrift f. ration. Med. 11. Reche., Vol. p. 122. 
5 Arch, f. Anat. u. Phys., 1865, p. 691. 
6 Arch, f, d. Gesam. Physiologie, Vol. xv11., 1878, p. 215. 
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ACTION OF HEAT. 3 


nerves of frogs and mammals, movements failed to occur even if in 
nerves were heated to 70°C. 

The Author’s experiments were made on frogs of the esculenta 
_ variety obtained in Philadelphia’ and Geneva (where the experiments 
were made), and from Berne-and Heidelberg; on the pipiens variety 
obtained in Philadelphia; and on the temporaria variety obtained from 
Berne and Heidelberg. The frogs obtained from Berne and Heidelberg 
had been kept in Geneva for some time before being used. For several 
hours before an experiment, the frogs were kept in the Laboratory. 


During the time that the recorded experiments were snes the external _ 


temperature ranged from—10° C, to 12°C. 

In these experiments it was found that when the sciatic or brachial 
nerves of frogs and toads (Rana esculenta, R. temporaria, R. pipiens, 
Hyla viridis, Bufo calamita and Bombinator igneus) were touched with 
a metal or glass rod, which had previously been heated in the reducing 
flame, contractions of the muscles resulted. The same was observed 
when the muscles themselves were touched with the heated rod. - 

The heated rod applied to the sciatic nerves of cats and rats pro- 
duced movements in the tributary muscles; applied to the hypoglossal 
nerves of a dog, movements on the corresponding side of the tongue 
occurred ; to the phrenic, movements resulted in the diaphragm. 

Liquids at 100° C. applied to the motor nerves of frogs, toads and 
cats, produce movements in the muscles; which movements likewise 
occur when the hot liquids are directly brought to the muscles, 

With considerable truth it can be urged against these experiments 
that it is not the heat which is the direct cause of the movements, but 
that these result, secondarily, through the destruction of the portion of 
the nerve to which the heat is applied. It was therefore necessary to 
make a more exact series of experiments to determine whether heat 
itself, independently of the destructive changes produced by it in the 
nerves, can act as an excitant of the motor nerves. For this purpose it 
was necessary to irritate by means of liquids heated to a — 
insufficient to destroy the properties of the nerves. 

The method adopted consisted in heating water* or oil in a water- 
bath, in the centre of which a thermometer was suspended. The 
leg of a frog was prepared with the nerve and plexus and cut off at the 
lower portion of the — The leg was placed on a piece of glass with 


1 The Philadelphia frogs were not a true esculenta, from which he dorsal line, in having 
their ventral aches almost free from spots and = the abner of th 
4 Ordinary lake and river water was used. 
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the nerve hanging free in the air. From time to time the latter was 
dipped into the hot liquid for from 1” to 3” and the result noted. 


Exp. 1. Rana temporaria (Berne). ‘Right sciatic nerve with plexus pre- 
Hot oil at 55° to the nerve. No movements. 
60° 


eee 


Hot water at 100°... Long continued tetanus. 
Exp, 2. Oct. 24, 1878. Rana temporaria (Berne). Left sciatic nerve 
with plexus prepared. 
Hot oil at § 63° to the nerve. No movements. 
Hot water at 73°... Contractions in the gastrocnemius. 
Exp. 3. Nov. 7. Rana esculenta (Geneva), Right sciatic nerve with 
prepared. 
Hot oil at = 60° to the cart No movements, 
80° see eee 
Hot water at 100° ss... Tetanus, 


Exp. 4. Nov. 7. Rana temporaria (Berne), Right sciatic nerve and 
plexus prepared. 
Hot water at 40° to ~— nerve. No movements. 
50° 


70° 
80° Tetanus. 


Exp. 5. Ranaesculenta (Berne). Right sciatic nerve with plexus prepared. 
Hot water at 80° to the plexus. Movements in the gastrocnemius. — 
ie 43° to the nerve. Movements in the toes, 
os 80° ‘is Movements in the gastrocnemius. 


Exp. 6. Rana esculenta (Berne). Left sciatic nerve with plexus prepared. 
Hot water at. to the in the toes. 
354° to the nerve. 
‘Fifteen minutes later, 45 ua No movements, | 
: Hot water at 50°, 55°, 60°, 65°, 70° and 75° failed to produce movements ; 
80° produces slight movements in the gastrocnemius, 


_ Exp. 7. Nov. 8. Rana esculenta (Heidelberg). Destroyed brain and 
spinal cord at 10.54a.m. At 11.10, prepared left posterior extremity with 
Hot water at 36° to the nerve. Slight movements in the toes, 
4 


52° 

60° 

| 

80° aa Movements in the gastrocnemius, 
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ON OF HEAT. 5 


Exp. 8. Nov. 8. Rana eoouletita (Heidelberg). Right posterior extremity 
with its nerve prepared. 


_ Hot water at 30° to the nerve. Very marked movements in the toes. 


85° oe Long continued tetanus. 


Exp. 9. Nov. 8. Rana esculenta (Heidelberg). Fore-limb with its nerve 
prepared, 
Hot water at 30° to the nerve. No movements. 


80° Slight contractions. 


Exp. 10. Nov, 8. Rana temporaria (Heidelberg) Right posterior ex- 
tremity with nerve and plexus prepared. 


Hot water at 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65° and 70° failed when ap- 
plied to the nerve to- produce any movements. 


‘Hot water at 82° to the nerve. Very marked movements. 
100° 


Exp. 11. Nov.8. Rana (Heidelberg). Left anterior 
prepared with its nerve, — 


Hot water at 43°, 50°, 60°, 70°, 80° and 90° failed to produce any move- 
ments when applied to the. nerve; at 100° slight-movements in the toes 
resulted. 


12. Nov. 8. Rana temporaria (Heidelberg). Left sciatic nerve 
exus prepared. 
Hot water at 22°, 30°, 40°, 50°, 60°, 70° and 75° failed to produce any con- 


tractions when applied to the nerve ; at 80° and 100° movements in the gas- 
trocnemius resulted. 


13. Nov. 9. Rana (Berne). Left posterior 
with nerve and plexus prepared. 


Hot water at 30°, 40°, 50°, 60° and 70°, when applied to the nerve, failed 
to produce movements ; at 80° contractions of the gastrocnemius resulted, 


Exp. 14. Nov. 9. Rana temporaria (Berne). Left anterior extremity 
with its nerve prepared. No contractions could be produced at a less tem- 
perature (hot water) than 75° C. 


Exp. 15. Nov. 9. Rana esculenta (Berne). At 4.40 p.m.  dilaad brain 


and spinal cord. At 4.50, prepared the left poererioy extremity with its 
nerve and plexus. 
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DAUTENBAOH. 
Hot water at 8° to the plexus. No contractions. 


28° tows Movements in the gastrocnemius. 
50° to oe nerve and plexus. No movements. 
60° 


70° | 
90° 

100° 


When the nerve was kept in a + fociemans (hot vel of 100° for 15 
seconds, tetanus resulted. 


Exp. 16. Nov. 9. Rana eoculenta (Berne). Left arm prepared with its 
nerve, 


Hot water at 15° to the m nerve, No movements. 
30° 


Movements i in the — 
39° 
50° 
75° ...  Oontractions. 


Exp. 17. Nov. 10. Rana eaculenta (Berne). Left arm prepared with its 
nerve. 


Hot water at 20° to the nerve.. Movements in the fingers, 
3 


5° No movements. 
50° | 
65° 
80° Movements. 
Very marked movements. 


Exp. 18. Nov. 10, Rana esculenta (Berne). Right arm prepared with 
its nerve, 


Hot water at 26° to the nerve. Movements in the fingers, 
50° ye No movements. 
59° 


| 78° Movements in the whole arm. 
Exp. 19. Rana esculenta. Right posterior extremity prepared with its 
nerve vat plexus. 


Hot water at 35° to the nerve. No movements. | 
| 49° sap A long continued tetanus. 
After the tetanus, | | 
Hot water at 70° to the nerve. Movements. | 


‘Taking 60°, the temperature at which. albumin will coagulate, as 
the lowest degree of heat at which the destructive changes in the nerve 
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ACTION OF HEAT. | 7 


take place, we have in the foregoing series of experiments numerous’ 
examples where water, of a lower temperature, applied to the nerve, pro- 
duced movements in the muscles supplied by it. A curious fact which 
results from the above experiments is, that water heated to from 50° to — 
69°C., never acted as an irritant to the motor nerves of the frogs 
employed. It may be urged that the lower temperatures already - 
destroyed the excitability of the nerves. This, however, cannot be so: 
_ first, because fresh nerves plunged in water of 60°C. failed to excite move- 
_ ments in their tributary muscles; secondly, nerves which have been in 
water at 57° C., or less, are still excitable temperature of from 80° 
to 100°; thirdly, nerves which have been excited by a temperature of 
49°, or less, have not lost their excitability to constant and inducted 
currents; on the contrary their excitability was frequently much 
increased thereby, so that an electric current, which previously was 
insufficient to produce movements through the nerve, was able to do 
this after the nerve had been heated. 

There is an objection which can and has been urged against the 
value of the contractions following the application of heat to a motor 
nerve, in proving that these were produced by this heat. Griitzner 
concludes that when the lower degrees of heat produce contractions, 
these had previously been present in a very slight degree, and the heated 
water, acting as does a feeble constant current, only increases these 
previously existing movements. That such contractions frequently 
occur for some time after section of the nerves has long been known. 
In my experiments no excitations were made while such movements 
were visible. Knowing it to be possible for movements to take place 
which were invisible to the eye, I determined, on the recommendation 
of Professor Schiff, in another series of experiments, to make use of a 
test for the presence of these movements, before applying heat to the 
nerves. Such a test is to be found in a weak constant current, which, 
according to the direction it takes in the nerve, and the relation between 
its strength and the movements, produces either an increase or a 
diminution in the existing movements. 

The constant current in the Author’s experiments, several of which 
are given below, was derived from one small Daniell’s element. 


Exp. 20. Nov. 12. Rana esculenta (Berne). At 11.4 a.m., prepared the 
right posterior extremity. Movements occur in the toes which are increased 
during the passage of both the ascending and descending currents 
through the sciatic nerve. 11.9 a.m., these movements have ceased, and they 
do not reappear during the passage of the constant current in either direction. 
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oe B. F. LAUTENBACH. 
— water at 40° to the nerve. Contractions in the muscles. 
43° 


48° No movements. 


The descending current now gives closing and the ascending current both 
closing and opening contractions, but no movements occur during the passage 
of the current in either direction. 


Hot water at 50° to the nerve. No movements, 
80° Movements in the 


Exp. 21. Nov. 13. Rana esculenta (Berne). Prepared left posterior 
extremity. Slight movements occur in the leg. The descending current passed 
through the nerve increases, while the ascending current diminishes the 
- extent of these movements. Later the constant current in either direction 
increased these movements; and still later they ceased, and could no longer 
be made visible by the constant current. 

Hot water at 40° to the nerve. Tetanus. 


_ When the tetanus ceased, the constant current was again spptied. During 
its passage no movements occurred in the leg. 


Hot water at 39° to the nerve. Movements. 
57° No movements. 


_ Exp. 22. Nov. 12. “Rana esculenta (Heidelberg). Prepared left posterior 
extremity. There are no movements in the leg, nor do any appear during the 
" passage of the constant current. 


Hot water at 30° to the nerve. Movements in the gastrocnemius, 


49° No movements. 
57° 
80° Moveiients, . 


Exp. 23. Nov. 14, Rana esculenta (Berne). Prepared the right seiaiton 
extremity. No movements in the leg, nor are any to be i during the 
passage of the constant current in either direction. 


Hot water at 43° to the nerve. Movements, 


The opening and closing of both the ascending and sana currents 
cause contractions; these are absent during the passage of the current, 


Hot water at 44° to the nerve. Movements. 
50" No movements. 
54 eee 


Neither the opening nor closing of an austen or descending current will 
produce contractions, nor are these. produced by an induction current _— 
previously had produced tetanus. 


Three minutes later the same induction current will produce tetanus. 
Hot water at 54° to the nerve. No movements. 


80° Movements. 
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ACTION OF HEAT. oe 9 


Exp. 24. Nov. 25. Rana esculenta (Berne). Prepared the right arm with 
its nerve. There are no visible movements, nor do any appear ve the 
passage of the constant current in either direction. 


Oil at 42° to the nerve. Movements. 


Exp. 25. Nov. 25. Rana esculenta (Berne). Left leg prepared. No 
visible movements. During the passage of the constant current through the 
nerve no movements occur in the leg. | 


Oil at 43° to the nerve. Movements. 


_ Exp. 26. Nov. 26. Rana esculenta (Heidelberg). Prepared the right 
leg. No movements without or during the passage of the constant current 
through the nerve. 


Oil at 43° to the nerve. Movement in the spaahcoqciiatun, 


Exp. 27. Nov. 14. Rana temporaria (Berne). Prepared the left posterior 
extremity, No visible movements. The continued current produces no move- 
ments during its passage through the nerve. 


Hot water at 43° to the nerve. No movements. 


56° 

60° 
74° 
80° Movements. 


Exp. 28. Nov. 14. Rana temporaria (Berne). Prepared right leg. No 
visible movements with or without the constant current passing through the — 
nerve. 


Hot water at 41° to the nerve. No ‘raovemente. | 


Movements. 
Exp. 29, Nov. 1b. Rana temporaria (Berne). Prepared right posterior 


extremity. Movements in the leg, which soon disappear. After their dis- 


appearance the passage of the constant current — the nerve failed to 
make them reappear. 


aes water at 41° to the nerve. No movements. 
47° 
53° 
79° Movements. 


_ From these experiments it results that when the movements which | 
follow the preparation of the extremity of a frog have ceased, and when 
they can no longer be made to reappear by passing through the nerve ~ 
of the prepared leg a continued current, a temperature (water or oil) of 
from 30° to 44° is still able to produce muscular contractions when 
| applied to the nerve. These contractions must therefore result 
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B. F. ‘LAUTENBACH. 


from the heat acting as an irritant, and not from its action 
as a constant current, Tae 
It will be observed, in looking over the experiments, that while the 

nerves of many Rane esculente reacted to this slight degree of heat, the 
nerves of the Rana temporaria failed to produce muscular contractions, 
at a temperature of less than 73°, which of course acts destructively on 
the nerve. May not this fact explain why certain investigators have not 
been able to irritate the motor nerves of frogs at a temperature below - 
that at which the destructive changes take place.in the nerves? It is 
possible that the frogs employed by these observers were of the tem- 
poraria variety; unfortunately, however, in their papers, they do not 

- mention the species of frogs on which their experiments were made. . 

With this the action of wet heat on the nerve of the nerve-muscle — 

preparation can be considered as finished; but it must not.be forgotten 
that nerves so prepared had been cut, and could consequently not be 
considered as normal. In order to determine the action on as normal 

nerves as possible, I made another series of experiments, in which 
the frog-preparation was made after the method of Matteucci, 1. 
after the destruction of the brain and spinal cord, the lower portion of 
the spinal column was cut so'as to allow it to remain attached to the 
nerves, By this method the nerves were not touched, much less cut, 
The piece of the spinal column with the upper portion of the nerves of 
both the posterior extremities was dipped into the warmed water. The 
results obtained were similar to those obtained with the ordinary 
nerve-muscle preparations, excepting that the motor nerves of frogs of 
the temporaria variety were excitable at a lower temperature. 


Exp. 30. Dec. 24. Rana temporaria. Prepared as above stated. The 
nerves dipped into water at 40°C. produced no contractions. The lowest 
degree of heat at which movements resulted was 54°C. These movements 

occurred in both the posterior extremities. _ 


Exp. 31. Dec. 26. Rana temporaria. Movements occurred in both the 
posterior extremities when the nerves were placed in water at 57°C. Ata 
lower temperature no movements resulted. 


Exp. 32. Dec, 26. Rana temporaria. Movements occurred i in both pos- 
terior extremities at 52°C. A second time irritated by the same degree of 
heat, movements again resulted. 


Exp. 33. Dec. 26. Rana esculenta. Movements occurred when the water 
was at 26°, at 30°, at 35°, and 38°C. The portion of the nerve brought in 
contact with the water was always the same, 


_ Exp. 34. Dec. 26. Rana esculenta. Movements occurred eleven times 
in succession at 43°C. The portion of the nerve irritated was always the same. 
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ACTION OF HEAT.” ll 


The fact repeatedly observed in these experiments, that the same 
degree of heat can again and again produce movements from the same 
portion of the nerve, shows conclusively that in order for these to be 
produced, it is not necessary that the nerve must undergo destructive | 
changes. 

As was already noted by Valentin’, the movements produced by 
heat acting as a simple irritant uually occurred at the moment that 
the nerve was brought in contact with the heated water, though occa- 
sionally they were produced at the moment that the nerve was removed. 
This Author pointed out the great resemblance which heat bears, in this" 
respect, to the galvanic current, In my experiments the same observa- _ 
tion was repeatedly made, and one of the methods which I use to deter- 
mine whether a given movement has been produced by the simple 
effects of the heat, or by the secondary, destructive changes in the ~ 
nerve, consists in observing whether the movements occur at the bring- 
ing in contact with and taking away from, or whether they only occur 

a short time after the nerve has been brought into the heated liquid. 
These last movements are frequently true flexions or extensions of 
the limb, which the former never are. They are movements in various 
sets of muscular fibres, but never have I seen the gastrocnemius or 
soleus contract as a whole when the heat acted as a simple irritant. 

The resemblance of the action of hot water of from 30° to 55°C. to 
the action of the galvanic current, becomes very apparent when we 
study the excitability towards other irritants, of nerves which have 
for a short time been in warm water. Schiff* was the first to find that 
when a motor nerve is placed in water at 40° for a short time it loses 
its excitability, which after a time is regained. This phenomenon has 
since been called by Afanasieff*, “ Scheintodt,” 

In my experiments the adustion current which would produce a — 
minimal contraction of the gastrocnemius was first determined; the 
nerve was then placed for 5” to 20" in a liquid (water or oil) heated to 
from 50° to 57°. The preparation was again tested with the current 
before used, and in some instances it was found that this would now 
produce very strong contractions; %.¢. the excitability of the nerve was 
increased. In other instances a very strong current failed to produce 
contractions for some minutes, after which time, however, the state of | 
increased excitability occurred. | 

Dry heat gave similar results to those obtained with wet heat. The 
method of application was to touch the nerve with the bulb of the 

1 Loc. cit. Loc, cit. Loe. cit. 
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12 B. F. LAUTENBACH. 


thermometer which had previously been heated in a dry air chamber, 
and to determine the temperature at which movements resulted. The 
preparation of the frog was after the method of Matteucci. 


Exp. 35. Dec, 26. Rana temporaria (Berne). When the nerves were 
touched with the thermometer at from 30° to 45°C. no movements occurred ; 
and when the temperature was from 50° to 75°C., the same result was ob- 
tained. At 85° movements were obtained for the first time. 


Exp. 36. Dec. 26, Rana temporaria (Berne). 


40°C, cooled to C. No movements. 
45° 0, 
At 57° slight movements occurred in the muscles of the thighs; after 
which no movements occurred until the thermometer was heated to 90°C. 


Exp. 37. Dec 27. . Rana temporaria (Berne). 


30° No movements. 
40° 
49° Movemente i in both legs. 


_. The same portion of the nerve was irritated eight times in succession by 
the same degree of heat (49°), and movements resulted each time. After the 
fifth irritation the movements became feebler. 3 
Exp. 38. Dec. 27. Rana esculenta (Berne). 

36” Movements in the right leg. 


34° left ... 

55° No movements, 

50° 

55° to 60". Movements in the ive 
90° is all the muscles, 


Exp. 39, Dec. 27.. Rana esculenta (Berne). Movements occur at 34, 
then at 28°, at 34°, at 39°, and at 43°, | : 


Conclusions. 

Heat when applied to the motor nerves of frogs produces move- 
ments in the muscles; (1) by its action as a simple irritant; and (2) oy. 
its destructive 

Movements may result from heat as a simple irritant at. from 20° 
to about 57°C. 

The influence which these lesser degrees of heat exert on the motor 
“nerves greatly resembles that exerted by the galvanic current, in that 
the movements frequently occur either on bringing the nerve in con- 
tact with ae heated object, or on removing it. 
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The number of times, in the above experiments, that heat applied 
to the motor nerves caused movements to occur in the tributary muscles, 


was, the Rane esculenta, 


at 20°* once (Exp. 17); 


at 26° twice 
at 28° 
at 30° 4 times 
at 34° 3 
at 35° 
at 354° 

at 36° 3 times 

at 38° once 
at 39° 3 times 
at 40° 
at 42° twice 
at 43° 18 times 


( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 
( 


at 44° once 
at 49° 

at 55° to 60° 
at 70° 

at 75° 
at 78° twice 


at 80° 10 times 


( 
( 
( 
( 
4 


for the Rane ae 


15 


18 and 33); 
» 39); 
8, 16, 22 and 33); 


$8 and 39); 


33); 

7, 15 and 38) ; 

33) ; 

16, 21 and 39); 

6,20 21); 

6 and 24); 

5, 20, 23, 25, 26, 27, 34 
and 39); 

23) ; 

19) ; 


19); 


15 and 18); 
5, 6, 7, 8, 9, 17, 20, 22, 23 


below 49° never } 
at 49° 8 times (Exp. 37) ; 


at 50° 
at 52° 
at 54° 
at 57° 
at 73° 
at 784° , 
at 80° thrice 


once 

twice 
once 

twice 
once 


( 


36) ; 


31 and 36); 
2) ; 
» 14); 
28) ; 
29) ; 


4 4, 12 and 18). 


1 These temperatures were all taken on the centigrade thermometer. 
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ON A NEW METHOD FOR DETERMINING THE 
PRESENCE OF SENSORY NERVES. By B. F. LAU- 
TENBACH, M.D., Pu.D., Assistant mm the Physiological Laboratory 
of Geneva. 


Many methods have been siiemened and adopted for determining the 
presence, and for the examination under various conditions, of sensory 
nerves in the various organs of the body. Among these different 
methods, mechanical irritations must be considered among the most 
satisfactory, owing to the possibility of limiting and repeating them 
almost indefinitely; but even this method has its disadvantages in — 
not demonstrating the presence of sensory nerves in certain tissues 
where other agents show that such nerves exist. Heat, e.g. the appli- 
cation of a red-hot iron, &c., is still thought by many to be a most 
powerful irritant to sensory nerves, but, as was determined by the 
author, many frogs exist, parts of whose bodies can be burned to a 
cinder without showing that they are even uncomfortable. _ 

Acids are very powerful sensory irritants, but their use is almost 


exclusively limited to frogs. An agent, much abused by physiologists, 


which has been frequently used to determine the presence or absence - 
of sensibility, is electricity. Both the constant and the induced cur- 
rents can be employed in this connection with great advantage in many 
cases; but where there is the slightest danger from escaped or uni- 
polar currents, it can be but an uncertain agent. Recently the author - 
has employed, in some experiments where but a feeble sensory irritant 
was wanted, the current = by speaking into the telephone the 
sounds o and wu, 

- The agent however which it is the object of this paper to bring 


_to the knowledge of the experimenter, as a means of determining 


the presence or absence of sensibility where the other agents have 
failed, is the glucoside Saponin. 
Kohler’ concluded that this drug directly irritated the vaso-motor 


centre, because he found that when it was injected through the 


carotid artery into the brain it produced an increased blood-pressure, 


- KGhler’s facts are true, but his conclusion is incorrect. In the author's 


experiments it was found than an injection of Saponin into the inter- 
nal carotid artery of dogs, cats and rabbits, produced indeed a decided 
increase in the blood-pressure; but when a section of the pons was 


1 Die locale Anesthesirung durch Saponin, Halle, 1873. 
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DETERMINATION OF PRESENCE OF SENSORY NERVES. \5 


made this effect could no longer be produced. The probability seemed, 
that, either the vaso-motor mechanism was no longer active, or the 
- poison was no longer able to reach the medulla-oblongata. 

As irritation of the sciatic nerve was still able to produce a decided 
rise in the blood-pressure, the former of these suppositions was dis- 
proved; and the latter was shown to be false by injecting a solution 
of carmine into the internal carotid artery of the animals experimented 
upon, when, after death, the colouring matter was found in the vessels 
of the medulla. 

Leaving out of the question the view that vaso-motor mechanisms 
may exist in the brain above the pons, there was but one way to 
explain the facts observed, and that seemed so venturesome as to 
almost border on the romantic. May it not be that sensory nerves 
exist in the brain as well as in other organs, and that Saponin injected _ 
into the brain excites these, thereby reflexly exciting the vaso-motor — 
mechanism ? 

Saponin is usually considered as a paretic agent only, but the author 
found that preceding this paresis the muscles, the motor and sensory 
nerves, were not only excited, but that the drug acted as a direct irritant 
to these structures. The above supposition therefore did not seem 
— impossible; but how to prove it? The only way that suggested itself 
was to inject a solution (1 gram. to 10 c.cm. water) of the glucoside 
into an efferent blood-vessel’, in the hope that a direct irritation of 
_ the sensory nerves supplied by this vessel with blood, could be pro- 
duced in this manner. As will be seen in the following illustra- 
tive experiments a rise in the blood-pressure followed such an in- 

jection : 


Experiment made December 8th, 1877. Albino Rabbit. Cannula in the right 
carotid artery. | 
Blood-pressure 83 mm. 
Injected 025 gram. Saponin peripherally into the right femoral poo 
In seconds blood-pressure mm. 


99-4... 

In 4 minutes. 


‘The right sciatic and crural nerves were now cut. 
- 10 min. after the first injection......blood-pressure 80°4 mm. 


_ 7 As efferent blood-vessels the author includes with the arteries the vena Jes and its 
branches, and the superior yena cava of batrachians. 
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16 B. F. LAUTENBACH. 


Injected -025 gram. of Saponin into the right femoral artery. 
In 5 seconds blood-pressure 80°4. mm, 


10 805 ... 
80-5... 
In 1 minute 


Injected -025 into the left femoral artery. | 
In 5 seconds blood-pressure 81°4 mm. 
87 


__° Experiment made December 24, 1877. Large Hound. Cannula in the 
right femoral artery. The right sciatic and crural nerves cut before the 
experiment, | 
'Blood-pressure 135 mm. 
. 


135 


Injected ‘1 gram, of Saponin into the right femoral artery. 
In 4 seconds blood-pressure 135 mm. 


10 135 .. 
.. 2 minutes 135... 

Injected *1 gram. into the right femoral artery. 
In 3 minutes blood-pressure 35 mm. 

40 ... 1348 ... 


8 minutes after the first injection.. -blood-pressure 135 min. 
Injected ‘1 gram. into the left femoral art... 135 


In 10 seconds blood-pressure 153-2 mm. 


1442. 


1228... 


These experiments show that not only does the substance under 
consideration produce an augmented blood-pressure when injected into 
the femoral artery of an animal in whom the sciatic and crural nerves 
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DETERMINATION OF THE PRESENCE OF SENSORY-NERVES. 17 


are uncut in the extremity employed; but that this augmentation fails 
to oceur when these nerves have previously been placed out of com- 
munication with the nerve-centres. The augmented blood-pressure 
must have been due to excitation, by the injected substance, of the 
peripheral portions of the sensory nerves. Of course the result of this. 
- ‘excitation on the pressure in the blood-vessels must be reflex. It fails 
to occur when the spinal cord has been cut in the upper cervical region ; 
but still occurs when the section has been made at the junction of the 
medulla-oblongata and pons, an operation which was frequently made 
in the author's experiments to prevent the occurrence of the convul- 
sions produced by the reflex influence which Saponin exerts on a 
spasm-mechanism existing in the pons. 

Saponin must, therefore, produce the augmented blood- 
pressure through reflex excitation of the vaso-motor mechan- 
isms in the medulla-oblongata. | 

In repeating these experiments on curarized animals, great care 
must be exercised so as not to give enough curare to destroy the 
properties of the sensory nerves or to paralyze the vaso-motor me- 
chanisms, as under these circumstances no augmentation of the blood- 
pressure results. When the dose of curare was sufficient to paralyze 
the inhibitory heart-nerves, the injection of Saponin into efferent 
blood-vessels always gave negative results. 

The same may be said of conia, which acts in so many respects like 
curare. That the sensory nerves are paralyzed by this substance was 
indicated by the author's experiments’ on frogs made in the summer 
of 1874; but this can now be proved for mammals also. In a coni- 
nized animal an injection of Saponin into the femoral artery, or into 
the internal carotid artery, fails to produce an augmentation of the 
blood-pressure, though cessation of the respirations still has this 
effect. 

When ‘1 gram. of Saponin is injected into one of the radicals of 
the vena porta of a cat or dog an augmented blood-pressure results. 
This augmentation failed to occur under the same conditions when the 
spinal cord had previously been cut at the twelfth dorsal vertebra. 
The sensory nerves of the liver must therefore enter the spinal cord 
below this point. 

After lateral hemi-section of the spinal cord in the middle dorsal 
region of rabbits, an injection of ‘025 gram. of Saponin into the femoral | 


1 Proceedings of Acad. of Natural Sciences, Phila., 1876. 
PH. Il. 2 
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18 B, F. LAUTENBACH. ON SENSORY-NERVES. 


artery of either’ limb always produced a rise in the blood-pressure ; 
but this rise was less* than that produced before the hemi-section. 

As the object of this Paper is to bring to the knowledge of the 
physiologist, in as brief a manner as possible, the fact that Saponin 
can be used to determine the presence of afferent nerves in a tissue or 
organ, many interesting particulars have been omitted, but will be 
presented in later, more extended communications, 


_ 1 The rise in the blood-pressure was always about the same whether the injection was 
made on the side opposite that of the seetion or on the other side. 

_ % This may have been due to loss of blood or to interference by excitation, bi Scag 
blood- -pressure was taken immediately after the hemi-soction. — 
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‘A NEW MICROTOME’. Br CHARLES 8. ROY, MD. 


WITH practice sections of hardened tissues sufficiently good for most 
purposes can be cut without the aid of a special instrument, while the 
increased accuracy attained by using a suitable microtome is often 
more than counterbalanced by the expenditure of time and trouble 
required when sections are cut with its help. This is more especially 
felt when, as is often the case in pathological work, a few sections are 
required from each of several different specimens, or from different 
parts of the same specimen. Here the time wasted in fixing the tissue 
to be cut in the instrument, in waiting till the imbedding mass has 
hardened, &c., is very often more than can conveniently be afforded. 
On this account not a few of the best histologists have rejected the use 
of a microtome in any of the numerous forms which have been given 
to it. The waste of time which is so often connected with the use of 
a section-cutter is, I believe, in a great measure avoided in the case of 
the instrument which is described in the following pages. It presents 
nothing new in principle, consisting, like most section-cutters, of a sup- 
port for the knife or razor which is used to cut the tissue, and of a 
screw arrangement for moving the latter forwards. The object aimed 
at in planning it was to combine the accuracy gained by the use of a 
good microtome with the simplicity and convenience with which sections 
can be cut with the unsupported razor. I have employed it exclusively 
during the last two years for cutting sections both of hardened and of 
frozen specimens, and have had every reason to be satisfied with its 
accuracy and convenience of application. 

A glance at the woodcut, where it is represented (natural sino}, 
will make the description readily intelligible. The horse-shoe shaped 
piece of glass rod (a) is intended to support and guide the knife or 
razor which is used for cutting, and which glides on the surface turned, 
_ in the figure, towards the observer. This glass rod is firmly fixed by 
its two extremities in the brass plate (b). The smaller brass plate c, 
on the upper surface of which a thin layer of cork is cemented, can be 
moved forward or backward by the fine-threaded screw d, movement 
1 This instrument was made for me by Mr Gardner, Instrument. maker, South Bridge, 
Edinburgh. 
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18 B. F. LAUTENBACH. ON SENSORY-NERVES. 


artery of either’ limb always produced a rise in the blood-pressure ; 


but this rise was less* than that produced before the hemi-section. 

_ As the object of this Paper is to bring to the knowledge of the 
physiologist, in as brief a manner as possible, the fact that Saponin 
can be used to determine the presence of afferent nerves in a tissue or 
organ, many interesting particulars have been omitted, but will be 
presented in later, more extended communications, 


1 The rise in the blood-pressure was always about the same whether the injection was 
made on the side opposite that of the seetion or on the other side. 

blood-pressure was taken ee after the hemi-section. 
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A NEW MICROTOME’. By CHARLES ROY, MD. 


WITH practice sections of hardened tissues sufficiently good for most 
purposes can be cut without the aid of a special instrument, while the 
increased accuracy attained by using a suitable microtome is often 
_ more than counterbalanced by the expenditure of time and trouble 
required when sections are cut with its help. This is more especially 
felt when, as is often the case in pathological work, a few sections are 
required from each of several different specimens, or from different 
parts of the same specimen. Here the time wasted in fixing the tissue 
to be cut in the instrument, in waiting till the imbedding mass has 
hardened, &c., is very often more than can conveniently be afforded. 
On this account not a few of the best histologists have rejected the use 
of a microtome in any of the numerous forms which have been given 
to it. The waste of time which is so often connected with the use of 
a section-cutter is, I believe, in a great measure avoided in the case of 
the instrument which is described in the following pages. It presents 
nothing new in principle, consisting, like most section-cutters, of a sup- 
port for the knife or razor which is used to cut the tissue, and of a 
screw arrangement for moving the latter forwards. The object aimed © 
at in planning it was to combine the accuracy gained by the use of a © 
~ good microtome with the simplicity and convenience with which sections 
can be cut with the unsupported razor. I have employed it exclusively 
during the last two years for cutting sections both of hardened and of | 
frozen specimens, and have had every reason to be satisfied with its 
accuracy and convenience of application. 

A glance at the woodcut, where it is represented ‘isu size), 
will make the description readily intelligible. ‘The horse-shoe shaped 
piece of glass rod (a) is intended to support and guide the knife or 
razor which is used for cutting, and which glides on the surface turned, 
in the figure, towards the observer. This glass rod is firmly fixed by - 
its two extremities in the brass plate (b). The smaller brass plate c, 
“on the upper surface of which a thin layer of cork is cemented, can be 
moved forward or backward by the fine-threaded screw d, movement 

1 This instrument was made for me by Mr Gardner, Instrument maker, South Bridge, 
Edinburgh. | 
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in any other direction being prevented by the form of the bed which 
has been cut in the larger plate for its reception. The small thumb- .- 
screw e€ serves to connect the moveable plate with the end of the larger 
screw d, and admits of the plate being removed when desired. 

Fastened underneath the larger plate in such a way that it can be 
readily removed and replaced is the bent brass tube f, which is in- 
tended to admit of a few drops or of a constant flow of spirit being 
projected on the knife and specimen while sections are being cut. This 
tube is connected with a test-tube arranged after the principle of a 
Wolff’s bottle, and which can conveniently be suspended by a thread 
from the button-hole. A caoutchouc tube, with a mouth-piece of glass 
attached to it, permits of air being blown into the test-tube, forcing out 
a part of the contained spirit or water by the tube f. : 

The method of using the instrument.is exceedingly simple, The 
portion of tissue to be cut is imbedded in an appropriate imbedding 
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a A NEW MICROTOME. 
| mass, and is then placed upon the moveable plate c. Upon this it is 
| held fixed by the thumb of the left hand, the index and middle fingers 
: of which pass under the plate b and exert a counter pressure. Both the 
ae specimen and the microtome are thus held in the same manner as one 
| holds the specimen when no section cutter is employed. The plate 
— and imbedded specimen are pushed gradually forward by turning the 
ae milled head of the screw d. 
| The imbedding mass which I have mostly employed is the weli- 
-~ _ known mixture of white wax and olive oil (equal parts by weight for 


warm weather, with a larger proportion of oil during the winter months). 
Instead of the paper boxes, which are so often used for imbedding with 
this mixture, I prefer to employ small oblong moulds of zine without 
bottoms. These, which are supplied along with the instrument, have 
_ the convenience of giving a cast suited to the size of the plate on which 
it is to rest. Into each of these moulds, of which a number correspond- , 
ae ing with that of the specimens to be cut are placed upon the table, is 
Bf poured a small quantity of the imbedding mixture, so as to form in each 
fe a layer some three or four millimeters in thickness. The wax and oil 
mixture should only be warmed up to the melting-point, or as little as 
possible above it. On this layer having hardened sufficiently, which 
takes place in one or two minutes, the specimens to be cut are placed 
upon it, one in each mould, and near one of its ends. More of the im- 
_ bedding mixture is then poured in so that the tissue is covered by four 
or five millimeters of it. When hard, the cast, which is readily loosened. 
_ by gently pressing together two opposite edges of the mould, is removed © 
and placed on the moveable plate of the microtome, the end which con- 
tains the specimen (and which had been marked before the mixture 
hardened) being turned so as to lie between the parallel sides of the 
horse-shoe guide, It is usually advisable to cut away a part of the 
imbedding mass from one end of the mould, leaving only sufficient to — 
support the tissue. In cutting, the edge of the razor must not, of 
course, be pushed so far as to come in contact with the cork plate on 
which the mould rests. 
Whether a microtome be used or not, it is necessary, in order to ob- 
tain good sections, that the cutting instrument be sharp. I have used, © 
and seen used, knives of many different shapes, but have never found 
any which, for ordinary daily work, could compare with‘a good razor; 
and the “hollow grownd army razor,” which was recommended to me 
by Dr Klein, possesses advantages over any others with which I am 
acquainted. It seems pretty generally believed that, when a microtome 
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is used, it is necessary to employ a straight knife whose edge and back 
run parallel, I have not found that this is by any means the case, the 
only precautions which are required with a razor being, that the position 
in which it is held must be as nearly as possible the same as each sec- 

tion is cut, and that the part of the edge of the razor which is used to 
cut, remain the same with every successive section. The form of knife 
used is, however, very much a matter of personal opinion or of practice, 
and the only reason why I prefer the razor to other knives is, that it 
can easily be kept sharp, or replaced at little cost, should anything 
happen to it. 


_ In using some microtomes, more especially that of Stirling ieno- 


‘ dified by Rutherford), it is a by no means uncommon habit to 
press the knife against the brass plate with as much force as pos- 
sible while sections are being cut. This is done under the impression 
that the knife is thereby held more steadily. The reason why such 


_ strong pressure on the knife has been found advantageous by some, 


apparently is, that too hard an imbedding mass has been employed, 
so that the blade of the knife, instead of being guided by the flat 
surface of the brass plate, or, in the case of my own instrument, of 
the parallel glass rods, was apt to be raised somewhat by the resist- 
ance of the wax and oil, or paraffin. I am convinced that; in order to 
obtain the maximum of steadiness and equality of pressure of the knife or 
razor while sections are being cut, it is advisable to maintain as light a 
pressure as possible—no more than is required to keep the edge and 


back in contact with the guide—and to avoid using too hard an im- — 


bedding mass. With the above-described microtome I have found it 
best, as already mentioned, to cut away with a scalpel as much of the 


imbedding mass lying above and at the sides of the specimen as can — 


be dispensed with, without risk of making the imbedded tissue in- 
secure. When sections are cut without a microtome, it is best that 
the imbedding mass be as nearly as possible of the same consistence 
as the imbedded tissue, since the former serves to support the knife 
somewhat as well as to fix the specimen. With a section-cutter it 
is different, all that is required of the imbedding medium being that 


. it should be sufficiently firm to hold the specimen in the given 


position, and, this requirement being fulfilled, the softer it is the better, 
seeing that it is the less likely to turn aside the edge of the knife. 


It need scarcely be added, that with this microtome while imbedding © 


is decidedly advantageous, giving, as it does, greater accuracy, it is by 
no means necessary any more than it is when no section-cutter is 
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employed. When the specimen is not imbedded, a tablet of wax, 
or of wax and oil is placed between the tissue and the cork plate, so 
that the edge of the razor may not come in contact with the © 
latter. 
. This microtome is only fitted to give sections up to a given 
size, from one to one anda half centimeters square, which, it need 
scarcely be added, is as large as is usually required. When larger 
- sections are desired, as is sometimes the case with the brain, it is 
necessary to employ a larger-sized microtome, For ordinary purposes 
the size represented in the figure is however more convenient. 

When it is desired to cut sections of frozen tissues with this 
microtome several methods may be employed. With such specimens 
as are not affected seriously by ether, as with pulmonary tissue, 
skin, mucous membrane, &c., &c., ether spray may be conveniently 
used, A layer of elder pith having been gummed upon the cork plate, 
and the tissue to be cut placed upon it with a drop of thick mucilage, 
a stream of ether spray is directed upon it, the razor being also so 
placed, or held, that it also is cooled at the same time. In cold 
weather, and with a reasonably small portion of tissue, the freezing is 
sufficiently complete for cutting in a minute or a minute and a half, 
and it remains hard long enough, even in warm weather, to admit 
of three or more sections being cut. In cold weather and with 
good ether, I have often found that ten or fifteen sections may — 
be obtained without its being necessary to apply the — for a 
second time. 

Another method, ‘ahteh 3 is also convenient, and hich 3 is, Moreover, 
applicable to all soft tissues, is to place the microtome along with 
the specimen, arranged in the way above described, in a freezing 
_ mixture, the instrument being contained in the metal box which 
usually holds it. When the specimen is sufficiently frozen, the micro- 
tome is removed from the box and a few sections rapidly cut. 

With either of these methods sections of fresh tissues may be 
rapidly and conveniently obtained. 

It is too often assumed that freezing does not seriously affect the 
appearance of the tissue elements. I have not found this to be the 
case even with such tissues as are usually considered best suited for 
the freezing method, e.g. mucous membrane, skin, &c., and prefer to 
place the specimen for twenty-four hours beforehand in 4 per cent. 
- bichromate of ammonia, or } per cent. chromic acid solution. After this 
the tissue is better able to resist the freezing. 
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ON THE RESPIRATORY FUNCTION OF THE INTER- 
NAL INTERCOSTAL MUSCLES. By H.. NEWELL 
MARTIN, Professor of Biology in the Johns Hopkins University, 
Baltimore, U.S. A., and EDWARD HARTWELL, 


AN of the text-books of Physiology is sufficient 
to shew that the part played by the internal intercostal muscles, in — 
the production of the respiratory movements of the mammal, is still 
a subject upon which there is no agreement among Physiologists. 
Thus in the text-books accessible to us we find these muscles, in some 
cases with more or less reserve, described as inspiratory in function 
(Dalton, Ludwig, Vierordt); or as both inspiratory and expiratory 
in different portions (Carpenter, Flint, Hermann, Me Kendrick); 
or as expiratory only (Donders, Funke): while Foster says that 
their action must at present be left an open question. This diver-— 
gence of opinion induced us to attempt to solve the problem by a 
- method which, so far as we know, has not hitherto been employed. 7 
To arrive at a decision as to the function of these muscles as rib 

elevators or rib depressors, from a simple mechanical study of their | 
* attachments seems impracticable; on account of the irregular shape 
of the ribs and the doubt which must exist as to whether the upper 
or the lower rib, to which one of these muscles is fixed, is to be 
regarded as its origin or insertion. Moreover, if experiments be made 
in which any or all of the other muscles be cut away, then direct 
observation ‘of the movement of the ribs which follows when the in- 
ternal intercostals contract is useless so fat as settling their function 
goes; because we do not know that we have not removed some muscles 
_ which, in ordinary breathing, held fast either the upper or lower rib 
and so determined either the inspiratory (rib eleyating) or the ex- 
piratory (rib depressing) function of the muscle. The observation of 
the result of direct electrical stimulation of these muscles is also not de- 
cisive : unless all the other muscles which work with them in breathing 
be also excited in proper order and degree; which is impossible. Un- 
less this be done, however, we cannot by this means tell which rib 
is normally the fixed one, when one of these muscles contracts. It 
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FUNCTION OF INTERNAL INTERCOSTAL MUSCLES. 25 


seemed to us, however, that, by isolating an internal intercostal and 
then observing whether it contracted simultaneously or alternately with 
the diaphragm, its function could be settled; since, from the general © 
co-ordination of muscular contractions in the respiratory movements, 
there can be no doubt that muscles excited from the respiratory centre 
and contracting during respiration simultaneously with the diaphragm, 
are inspiratory muscles; and that those contracting when it relaxes, 
are expiratory. 

Dogs and cats were employed in our experiments. ‘The animals 
having been etherized, tracheotomy. was performed and the apparatus 
for artificial respiration connected with the wind-pipe. The abdomen 
was opened by an incision along the linea alba and a transverse in- 
cision, so as to expose the diaphragm from below. The skin and the 
serratus and pectoral and other muscles were then dissected away 
from one side of the chest so as to lay bare the external intercostal — 
muscles from the fourth or fifth to the ninth or tenth ribs: except 
where they were covered at their dorsal portions by the muscles 
running alongside of the vertebral column. During this operation 
several small vessels commonly required tying, especially in the dog. 
| One intercostal space, say that between the eighth and ninth ribs, 

was then selected and the anterior. part of the external intercostal 
muscle divided, near its attachment to the lower of the two ribs, for 
from an inch to an inch and a half at its sternal end, The internal 
intercostal, which was carefully avoided during the operation, then 
remained alone, with the pleura uniting the front parts of the two ribs. 
The eighth and ninth costal cartilages and the tissues between them 
were next divided, the chest opened and the artificial respiration 
apparatus set at work. The tissues in the seventh and ninth inter- 
costal spaces were then completely divided nearly all the way back 
to the vertebral column. 

Next, from the pleural side, a fine-bladed knife was inserted be- 
tween the eighth intercostal nerve and the eighth rib near the verte- 
bral column and an incision: carried forwards, without cutting the 
nerve, until it reached the outer end of the region where the external 
intercostal muscle had been divided. In making this incision we have 
found it impossible to avoid cutting the intercostal vein of the space 
operated upon; the artery was sometimes divided also, but this did 
not seriously impair the result, An incision of similar extent was then 
made along the upper border of the ninth rib, and finally a bit of 
both ribs corresponding in extent and position to these incisions was 
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completely cut away by bone forceps. By this means we obtained 
from an inch to an inch and a half of the sternal ends of the eighth 
and ninth ribs, united only by the internal intercostal muscle and the 
pleura, and connected with the rest of the body by a band of tissues 
consisting of the intercostal nerve (and artery) end some muscle 
and sloura. 

The remaining sternal piece of one of the ribs, sometimes the 
upper, sometimes the lower, was then fixed in a clamp and placed 
in such a position that the band of tissues above referred to hung quite. 
lax ; so that movements of -the ribs or even of the whole trunk, unless 
unusually powerful, could not, through it, drag on the piece of muscle 
to be experimented upon. A string was then attached to the other 
rib and passed over a pulley to a lever which carried a weight and 
extended the muscle. This lever carried a pen which wrote on the 
_ paper of a Ludwig’s Kymographion. A tambour was fixed beneath 
the diaphragm and connected with another. This latter tambour was 
_ provided with a lever which recorded the contractions of the diaphragm 
immediately under the lever connected with the intercostal muscle. 

The artificial respiration was then stopped, and the animal was 
generally found apneic, The further course of events differ in the dog 
and cat. In the former the diaphragm, when the apnoea passed off, 
made a few contractions without any activity of the intercostal muscle: — 
_ but this latter soon began to contract in regular alternation with the 
_ diaphragm and before the occurrence of expiratory convulsions; in 
fact with the commencement of dyspnoea. Having made a few con- 
tractions, varying in number from fifteen to five or six, it again ceased — 
its activity, although the animal became more and more dyspneic 
as evinced by the contractions of the diaphragm. This cessation seems 
due to the exhaustion of the muscle occurring rapidly from exposure 
and the interference with its blood supply; since the contractions 
become successively feebler before disappearing; and if artificial respi- 
ration be resumed and the animal kept alive until the muscle has had 
a period of rest, then on again stopping the respiration the phenomena 
are repeated, but the muscle makes a smaller number of contractions. 


' We have seen this restoration occur five times in the same dog. The 


Figure, P]. I. to be read from right to left, shews the tracing of the fourth 
set of contractions obtained in one experiment with the sixth internal 
intercostal muscle of a dog; the ascents of the upper line indicate con- 
_ tractions of the intercostal muscle; and those of the lower line contrac- 
tions of the diaphragm. It will be seen that they alternate perfectly. 
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In order to get accurate tracings, we have found it necessary to divide 
completely the straight and oblique muscles of the abdomen: otherwise 
the action of these in dyspneea, as expiratory muscles, when pulling 
down the ribs is apt to compress the abdomen and falsify the record of 
the tambour beneath the diaphragm. In order to see the phenomenon, 
however, it is not necessary to have any recording apparatus at all: 
the alternating contractions of the diaphragm and the intercostal 
muscle can be readily observed directly : and the latter occur in greater _ 
vigour no doubt from the absence of the shock due to the carers 
abdominal incisions and the exposure of the viscera. 

In the cat the internal intercostal muscle rarely contracts until the 
occurrence of expiratory convulsions; but during these it contracts very 
powerfully when the diaphragm is most completely relaxed. While the 
convulsions occur, it is necessary to hold the vertebral column of the 
animal very firmly in order to prevent any drag on the intercostal 
nerve. Usually the muscle is exhausted during these contractions ; 
but on these convulsions passing off we have sometimes seen it. 
in action alternately with the first few of the slow final contractions 
of the diaphragm; its contraction occurring immediately after the 
diaphragmatic, and being followed by a shorter or sn pause before 
the next diaphragmatic contraction began, 

In some experiments the strip of muscle used was the portion 
between the costal cartilages; which is not covered by the external — 
intercostal. The results thus obtained were the same as when a por- 
tion lying between the bony ribs was employed. The results of our 
experiments, we believe, shew decisively that the internal intercostal 
muscles are expiratory in function throughout their whole extent; at 
least in the dog and cat: and that in the former animal they are 
almost “ordinary” muscles of respiration, coming into play very early 
in dyspnoea, while in the latter they are “extraordinary” respiratory 
muscles, only active during extreme dyspnoea; unless the later action — 
be ascribed to a diminution of the irritability of the muscle, brought 
about by the unnatural conditions to which it was exposed, which may, | 
perhaps, influence more quickly the thinner muscles of the cat Sarees the 3 
thicker ones of the 
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ON THE FORMATION OF HYPOXANTHINE FROM 
ALBUMIN. By R. H. CHITTENDEN, Pu.B., Yew Haven, 
Conn., U.S. A. 


(From the Laboratory of the Physiological Institute, Heidelberg.) 


RECENTLY ‘Salomon’ has found that by the digestion of blood- 
 fibrine with pancreas ferment small quantities of hypoxanthine are 
formed. Also, that blood-fibrine treated with a large quantity of water 
for 48 hours at the body temperature, or with very dilute hydrochloric 
acid for several days, or — in gastric juice, likewise yields hypo- 
xanthine, 
The following experiments were undertaken to dbiain, if possible, 
more information concerning the formation of hypoxanthine, and also 
to ascertain whether the hypoxanthine produced from blood-fibrine is 
_ formed by a splitting up of some easily decomposed substance con- 
tained in the fibrine, or from the decomposition of the albuminous 
of the fibrine itself. 


I. The formation of prone ee from albumin by the 
action of boiling water. 


Blood-fibrine, thoroughly washed with cold water, was placed in a 
large flask connected with an inverted Liebig’s condenser, and boiled 
with water for 12 hours (2 pounds moist pressed-out fibrine and 2 litres 
water). The filtrate and wash-water from the pressed-out fibrine were 
evaporated to dryness on the water-bath, and the residue thoroughly 
extracted with absolute alcohol. The alcoholic solution was now eva- 
porated to dryness and the residue dissolved in a little hot water. The 
aqueous solution was boiled for half an hour with a slight excess of 
a saturated solution of cupric acetate’, filtered hot, and the precipitate 


1 Zeitschrift fiir Physiologische Chemie, 1. (1877-8), p. 90. Archiv fiir Anat. u. 
Physiol. (Physiol. Abth.) 1878, 8rd and 4th Heft, p. 820. 

® The precipitation of hypoxanthine as hypoxanthine cupric oxide, according to 
Strecker’s method, by boiling with cupric acetate, is a convenient way of separating this 
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washed thoroughly with hot and cold water. The washed precipitate 
was dissolved on the filter in a little hot nitric acid, the acid solution 
made alkaline with ammonia and argentic nitrate added in moderate 
excess. After standing several hours the brown precipitate was filtered 
off, and after being washed was suspended in hot: water and decomposed 
by hydrogen sulphide gas, and the filtrate from the precipitated ar- 
gentic sulphide evaporated to dryness. To remove any uric acid which 
might be present, the residue was extracted with quite dilute sulphuric 
acid. The sulphuric acid solution was then made alkaline with am- 

monia and the solution again precipitated with argentic nitrate. The 
silver precipitate after being washed was dissolved in a little hot nitric — 
acid of specific gravity 1°10, according to Neubauer’s method to 
effect a separation of hypoxanthine and xanthine, After standing 
a short time a fine white precipitate separated which, under the micro- 
scope, showed the characteristic form of the hypoxanthine silver salt : 
bunches of radiating needles, To show conclusively that these crystals 
were hypoxanthine the precipitate was filtered, washed with water, 
and then suspended in hot water, and decomposed by hydrogen sul- — 


phide gas. The filtrate from the argentic sulphide when evaporated to — 


dryness and the residue boiled with a few drops of nitric acid gave 
a yellow-coloured residue, which upon the addition of a drop of sodic 
hydroxide changed to a bright rose-red: the characteristic reaction 
for hypoxanthine. I have given in connection with this experiment 
a detailed description of the process used for the separation and detec- 
tion of the hypoxanthine, « as it is the one I have oo in all my 
experiments. 

A second experiment made with a larger quantity of fibrine and 
boiled for two days, yielded a correspondingly increased amount of 
hypoxanthine: about 20 milligrams of the hypoxanthine silver salt . 
from two pounds of moist fibrine. 

__u# In order to prove that the hypoxanthine was formed by the action 
of the boiling water on. the fibrine, or in other words to prove that 
the hypoxanthine was a product of decomposition, and did not exist 
preformed in the fibrine, a large quantity of fresh fibrine washed per- 
fectly white with cold water was pressed as dry as possible, and then 
placed in a large quantity of absolute alcohol for 24 hours to remove 


substance from its solutions, The method possesses an advantage over the direct pre- 
cipitation with argentic-nitrate in ammoniacal solution, in that the presence of chlorides 
has no disagreeable effect, and at the same time the method is equally as delicate in the | 
a of small quantities of hypoxanthine. 
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all water. After 24 hours the fibrine was pressed out paiva and 
then boiled one day in two litres of fresh absolute alcohol in a flask 
connected with an inverted Liebig’s condenser. The filtered alcohol, 


_ when examined by the method already given, showed not the slightest 


trace of hpyoxanthine. As hypoxanthine is with difficulty soluble in 
alcohol, a quantity of fibrine was boiled with water for 15 minutes, then 


pressed out and boiled in a flask for 12 hours with a fresh quantity of 


water. The first water extract contained no hypoxanthine, the second 
yielded an appreciable amount. 

The fibrine which had been extracted with the boiling alcohol was, 
when dry, boiled with water for one day; and the water solution 
when examined for hypoxanthine yielded a good precipitate of hy- 
poxanthine argentic oxide with argentic nitrate; it also yielded good 
crystals of hypoxanthine argentric nitrate from hot nitric acid, and 


the crystals when decomposed with hydrogen sulphide gas gave a good 


reaction with nitric acid and sodic hydroxide; thus showing without a 
doubt that the hypoxanthine is a product of decomposition. Experi- 
ments were now undertaken to form hypoxanthine if possible from egg 


albumin by the action of boiling water. Albumin from twenty hens’ 


eggs was freed from membrane in the usual way, cut with scissors, 
shaken with glass, &c., and after filtration through muslin made 
475 c.c. of fluid. The albumin was coagulated by pouring into a large 
quantity of boiling water containing sufficient acetic acid to neutralize 


_ the alkali of the egg, filtered hot and washed with a large quantity 


of boiling water, The filtrate and wash-water from the coagulated 
albumin were evaporated and tested for hypoxanthine. A small pre- 
cipitate was obtained by argentic nitrate; and this silver precipitate 
dissolved in a little hot nitric acid, after standing 24 hours, yielded a 
small precipitate, which under the microscope had the appearance of 
the xanthine silver salt: but the amount was so small that it was 
impossible to decide with certainty whether the precipitate was 
xanthine or hypoxanthine.. The moist coagulated albumin, weighing 
439 grm., was boiled with 1500 c.c. water in a flask connected with 
an inverted Liebig’s condenser for 12—14 hours, _ | 

The fluid and wash-water were then examined as before for “aoe 


xanthine. No precipitate was obtained with argentic nitrate, showing 


that no hypoxanthine had been formed. Another quantity of egg 
albumin boiled with water for one day yielded the same result; no 
trace of hypoxanthine being found. The filtrate and wash-water from 


the coagulated albumin yielded, as before, a slight precipitate with 
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atgentic nitrate. The precipitate was therefore decomposed with hy- 
drogen sulphide gas, and the residue left from the evaporation of the 
filtrate from precipitated argentic sulphide was tested with nitric acid 
and sodic hydroxide. A distinct rose-red colour was obtained, thus 
. showing that the crystals observed in the preceding case were those 
of a xanthine body, contained in small quantity in albumin of 
the egg. 

Therefore these experiments ie that blood-Abrine in - contact 
with boilin g water for 12 hours suffers a decomposition whereby hy- 
poxanthine is formed, while egg albumin under the same emee One 3 is 
not affected in a like manner. 


II. The formation of Hypoxanthine from albumin by the 
action of :2 p.c. Hydrochloric Acid at 40°C. 


Several pounds of well-washed ‘blood-fbrine were submitted to the 
action of two litres hydrochloric acid of the concentration of the gastric 
juice for 2—3 days by 40°C. The acid solution was then neutralized 
with dilute sodic hydroxide, and the filtrate from the slight precipitate 
of albumin evaporated and tested as before for hypoxanthine. An _ 
abundant precipitate of hypoxanthine argentic oxide was obtained, 
which yielded good crystals of hypoxanthine argentic nitrate from hot 
nitric acid, and gave a good reaction when a portion was tested by 
evaporation with boiling nitric acid and sodic hydroxide; thus con- 
firming Salomon’s* results. Another experiment with a larger 
quantity of fibrine (8 pounds moist’ fibrine and 2500 c.c. hydrochloric 
acid) digested for four days at 40°C., yielded 30 milligrams of the 
hypoxanthine silver salt, 

A quantity of fresh fibrine was now boiled with water in a flask 
connected with an inverted Liebig’s condenser for about 12 hours. 
The fibrine after the boiling was thoroughly washed with hot water, 
and the filtrate and wash-water examined for hypoxanthine showed 
an appreciable amount to have been formed. The same fibrine was 
then placed in ‘2 p.c, hydrochloric acid and digested at 40°C. for several 
days. The result was another quantity of hypoxanthine. 

Egg albumin, prepared as before, was now submitted to the action 
of the dilute hydrochloric acid. Albumin from 24 eggs was digested 
for 2—3 days with two litres ‘2 p.c, hydrochloric acid. The acid 


‘1 Arch. f. Anat. u. Physiol. (Physiol. Abth.), 1878, 8rd and 4th Heft, p. 820. 
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all water. After 24 hours the fibrine was pressed out thoroughly and 
then boiled one day in two litres of fresh absolute alcohol in a flask 


connected with an inverted Liebig’s condenser. The filtered alcohol, 


when examined by the method already given, showed not the slightest 
trace of hpyoxanthine. As hypoxanthine is with difficulty soluble in 
alcohol, a quantity of fibrine was boiled with water for 15 minutes, then 
pressed out and boiled in a flask for 12 hours with a fresh quantity of 
water, The first water extract contained no hypoxanthine, the second 
yielded an appreciable amount. 


The fibrine which had been extracted with the boiling alcohol was, 


when dry, boiled with water for one day, and the water solution 
when examined for hypoxanthine yielded a good precipitate of hy- 
poxanthine argentic oxide with argentic nitrate; it also yielded good 
crystals of hypoxanthine argentric nitrate from hot nitric acid, and 
the crystals when decomposed with hydrogen sulphide gas gave a good 
reaction with nitric acid and sodic hydroxide; thus showing without a 
doubt that the hypoxanthine is a product of decomposition, Experi- 
ments were now undertaken to form hypoxanthine if possible from egg 


albumin by the action of boiling water, Albumin from twenty hens’ 
eggs was freed from membrane in the usual way, cut with scissors, — 


shaken with glass, &c., and after filtration through muslin made 
475 c.c. of fluid. The albumin was coagulated by pouring into a large 
quantity of boiling water containing sufficient acetic acid to neutralize 
the alkali of the egg, filtered hot and washed with a large quantity 
of boiling water. The filtrate and wash-water from the coagulated 
albumin were evaporated and tested for hypoxanthine. A small pre- 
cipitate was obtained by argentic nitrate; and this silver precipitate 
dissolved in a little hot nitric acid, after standing 24 hours, yielded a 
small precipitate, which under the microscope had the appearance of 
the xanthine silver salt: but the amount was so small that it was 
impossible to decide with certainty whether the precipitate was 
xanthine or hypoxanthine. The moist coagulated albumin, weighing 
439 grm., was boiled with 1500 c.c. water in a flask connected with 
an inverted Liebig’s condenser for 12—14 hours, 

The fluid and wash-water were then examined as before for hypo- 
xanthine. No precipitate was obtained with argentic nitrate, showing 
that no hypoxanthine had been formed. Another quantity of egg 
albumin boiled with water for one day yielded the same result; no 
trace of hypoxanthine being found, The filtrate and wash-water from 


,the coagulated albumin yielded, as before, a slight precipitate with 
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argentic nitrate. The precipitate was therefore decomposed with hy- 
drogen sulphide gas, and the residue left from the evaporation of the 
filtrate from precipitated argentic sulphide was tested with nitric acid 
and sodic hydroxide. A distinct rose-red colour was obtained, thus 


. showing that the crystals observed in the preceding case were those 


of a xanthine body, contained in small quantity in the albumin of 


egg. 


Therefore these experiments show that blood-fibrine in contact 
with boiling water for 12 hours suffers a decomposition whereby hy- 
poxanthine is formed, while egg albumin under the same conditions is 


~ 


II. The formation of Hypoxanthine from albumin by the 
action of -2 p.c. Hydrochloric Acid at 40° C. 


Several pounds of well-washed blood-fibrine were submitted to the 
action of two litres hydrochloric acid of the concentration of the gastric 


- juice for 2—3 days by 40°C. The acid solution was then neutralized 


with dilute sodic hydroxide, and the filtrate from the slight precipitate 
of albumin evaporated and tested as before for hypoxanthine. An 
abundant precipitate of hypoxanthine argentic oxide was obtained, 
which yielded good crystals of hypoxanthine argentic nitrate from hot 


nitric acid, and gave a good reaction when a portion was tested by 


evaporation with boiling nitric acid and sodic hydroxide; thus con- 
firming Salomon’s’ results. Another experiment with a larger 
quantity of fibrine (83 pounds moist fibrine and 2500 c,c. hydrochloric 
acid) digested for four days at 40°C., yielded 30 milligrams of the 
hypoxanthine silver salt. 

A quantity of fresh fibrine was now boiled with water in a flask 


- connected with an inverted Liebig’s condenser for about 12 hours. 


The fibrine after the boiling was thoroughly washed with hot water, 


and the filtrate and wash-water examined for hypoxanthine showed 
an appreciable amount to have been formed. The same fibrine was 


then placed in ‘2 p.c, hydrochloric acid and digested at 40°C, for several 
days. The result was another quantity of hypoxanthine. 

Egg albumin, prepared as before, was now submitted to the action 
of the dilute hydrochloric acid. Albumin from 24 eggs was digested 
for 2—3 days with two litres ‘2 p.c, hydrochloric acid. The acid 


1 Arch. f. Anat. u. Physiol. (Physiol. Abth.), 1878, 3rd and 4th Heft, p. 320. 
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‘solution filtered, neutralized and tested for hypoxanthine, gave a nega- 
tive result. Another quantity cigewes for six days at 40°C., _— 
the same result. | 

Again, albumin from 24 hens’ eggs was treated with 1500 c.c. 2p.c. 
hydrochloric acid for 3—4 days by 40°C., and the neutralized solution 
tested for hypoxanthine: In this case a slight precipitate was obtained 
with argentic nitrate, but when decomposed with hydrogen sulphide 
gas and tested for hypoxanthine, it failed to give any reaction with 
nitric acid and sodic hydroxide. Egg albumin which had previously 
been boiled with water for one day was digested in the dilute acid 
for several days, but no hypoxanthine was found in the neutralized 
fluid. Thus we see that blood-fibriné digested with hydrochloric acid 
of the concentration of the gastric juice at the body temperature for 
several days, yields hypoxanthine as one of its decomposition pro- 
ducts, while egg albumin, one the same conditions, does not yield 
h 


III. The formation of Hypoxanthine from albumin by the 
3 | action of Gastric Juice at 40°C. 


The gastric juice employed in the following experiments was pre- — 
‘pared as follows: the mucus membrane from the stomach of a pig, 
completely separated from the muscular portion, was rinsed thoroughly 
with water, and then cut into small pieces and digested with one litre 
of ‘2 p.c. hydrochloric acid by 40°C. for 24 hours. The juice was 
then filtered, and after filtration mixed with an equal volume of ‘2 p. c. 
hydrochloric acid and again digested at 40°C. for 24 hours, to insure 
the conversion of any albuminous bodies present into diffusible de- 
composition products. The so-obtained fluid was now dialysed in 
running water for several days, and after dialysis, the reaction being 
neutral, an equal volume of *4 p.c, hydrochloric acid was added, making 
a gastric juice containing ‘2p.c. acid. Half of this gastric juice was — 
mixed with 1—2 pounds of well-washed blood-fibrine and digested for 
24 hours at 40°C. “The remaining half of the gastric juice was heated 
without fibrine for the same length of time and at the same tem- 
‘perature, to serve as a control to the preceding experiment. After 
24 hours, the fibrine being completely digested, both fluids were neu- 
tralized with dilute sodic hydroxide, heated, filtered, the clear filtrates 
evaporated, and the residues extracted thoroughly with absolute alco- 
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hol’, the peptones filtered off and the alcoholic solutions evaporated 
and tested for hypoxanthine. 

The digestion with fibrine yielded an appreciable amount of quite 
large crystals of hypoxanthine argentic nitrate, which gave when de- 
composed with hydrogen sulphide gas a strong reaction with nitric acid 
and sodic hydroxide, The gastric juice without fibrine yielded no preci- 
pitate with argentic nitrate. Another experiment with gastric juice gave 
the following result. The mucous membrane from two pigs’ stomachs 
completely free from the muscular portion and weighing 200 grms. was © 
digested with two litres of “4 p.c. hydrochloric acid for 24 hours at 
40° C., then filtered and divided into two equal parts. One half was 
tested directly for hypoxanthine, and yielded 43 milligrams of fine 
white crystallized hypoxanthine argentic nitrate equal to 19 milligrams 
of pure hypoxanthine; either formed from the decomposition of the 
_ membrane by the action of the gastric juice, or, as is more probable, 
existing preformed in the membrane. The other half was then dialysed — 
for 3—4 days, and after dialysis mixed with an equal volume of ‘4 p.c. 
hydrochloric acid, making two litres of gastric juice. One litre digested 
with fibrine, as before, for 48 hours yielded a small quantity of hy- 
poxanthine, while the other litre under the same —s without 
fibrine, gave no evidence.of hypoxanthine, — 

Blood-fibrine, which had been subjected to the action of boiling 
water for 12 hours, and afterwards digested with ‘2 p.c, hydrochloric 
_ acid for several days, yielding hypoxanthine in both cases, was, after : 

_ thorough washing, digested in gastric juice, and again yielded a small 
quantity of hypoxanthine. 

Egg albumin from 20 hens’ eggs, chaneial as before, was digested 
with 1250 c.c. of a gastric juice made as in the preceding experiments, 
for 24 hours at 40°C., a like amount of the same juice being digested 
for the same length of time without albumin. Not a trace of hypo- 
xanthine was found in either. A second experiment with egg albumin, — 
conducted in the same way, gave a slight precipitate with argentic 
nitrate, which when tested yielded a faint. reaction for hypoxanthine, 
but the control experiment shewed the same faint reaction, thus mak- © 

1 When the quantity of peptones is large, as in the case of gastrie or pancreatic 
digestion of fibrine, it is much better to extract with alcohol while the residues are gummy, 
before quite dry. It is also necessary to allow the residues to remain in contact with the 
alcohol for quite a number of hours, as the hypoxanthine is with difficulty soluble, and in 
several cases I have found even after 12 hours’ digestion with alcohol that the peptones 


still held a small quantity of hypoxanthine which could be eutepaes by oe the 
peptones in water, precipitating with cupric acetate, &c. 
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ing it evident that no hypoxanthine had been formed from the 
ulbumin. 

Another experiment with a gastric juice made from glycerine ex- 
tract of pepsin, digested with albumin from 17 eggs for 6—7 days, 
yielded the same result. 

Lastly, the following experiment was made. 200c.c. of glycerine 
extract of pepsin was dialysed for two days, then diluted with water to 

one litre and mixed with an equal volume of ‘4 p.c. hydrochloric acid, 
and digested at 40°C. for 24 hours, After digestion the fluid was dia- 
lysed in running water for three days. The clear fluid was then mixed 
with an equal volume of ‘4 p.c. hydrochloric acid, making four litres of 
@ gastric juice containing ‘2 p.¢. acid. 

The so-prepared gastric juice was divided into three equal parts. 
One third was mixed with 2—3 pounds of blood fibrine, another third — 
with albumin from 24 hens’ eggs, and the remaining third used as a — 
‘control, All three were placed at. 40°C. for 48 hours, the albumin and 
fibrine being completely digested at the end of that time, and then ex- 
amined for hypoxanthine. The digestion with fibrine yielded 21 mil- 
ligrams of the hypoxanthine argentic nitrate, while the other two 
showed no reaction for hypoxanthine. Thus it is very manifest, that 
by the action of gastric juice on blood-fibrine, among other decompo- 
sition products, small quantities of hypoxanthine are formed, while egg — 
albumin is digested without the formation of any hypoxanthine; and 
as we have found by preceding experiments, that hydrochloric acid of 
2 p.c. will alone, to a certain extent, decompose blood-fibrine with for- 
mation of hypoxanthine, it is quite probable that the action of the 
gastric juice is due to the acid contained in it, and that the pepsin oom 
no part | in the formation of the hypoxanthine. 


IV. The formation of Hypoxanthine from albumin by the 
~ action of Pancreatic Juice at 4o’C. 


Pancreatic juice prepared from dried pancreas substance, obtained 
from finely-divided ox glands, according to Kiihne’s method, contains 
an appreciable quantity. of hypoxanthine and xanthine. That these 
xanthine bodies exist in the tissue, and are not formed by self-digestion 
of pancreas substance, during the preparation of the juice, was made 
clear by treating 20 grm. of such dried pancreas substance with boiling 
water for 15 minutes, and then examining the hot-water extract. The 
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so-prepared extract contained appreciably the same quantity of hypo- 
xanthine and xanthine as 20 grms. yielded when digested at 40°C. 
for 24—48 hours in weak alkaline solution: thus showing that pan- 
creatic glands contain both hypoxanthine and xanthine, and also that 
the xanthine bodies under these conditions are not formed by the self- 
digestion of the albuminous tissue of the pancreatic glands. In ~ 
one case, where a large quantity of dried pancreas substance had 
been digested in ‘2 p.c. solution of salicylic acid, for the preparation of 
trypsin, Prof. Kiihne kindly gave me the first portions of the dialysed 
fluid to examine for hypoxanthine. 75 milligrams of the crystallized 
hypoxanthine silver salt were obtained, equal to 33 milligrams of pure 
hypoxanthine, and this could not by any means represent the whole 
_ quantity of hypoxanthine as this body is with difficulty diffusible, and — 
in this.case only the first portions of the diffused fluid were examined. 

In another case 20 grms of dried pancreas substance yielded, when. 
digested in weak salicylic acid at 40°C. for 24 hours, 25 milligrams of 
the crystallized hypoxanthine argentic nitrate, and at another time the 
same quantity yielded, when digested for 24 hours in dilute salicylic 
acid, and the acid solution after being made faintly alkaline digested © 
again at 40°C, for 24 hours, 22 milligrams of hypoxanthine argentic 
nitrate, 

In the digestion of fibrine 20 grms. of Kiihne’s dried pancreas 
substance were employed in the preparation of each pancreatic juice. 
20 grms of pancreas substance were digested with 200c.c. ‘2 p.c. 
aqueous solution of salicylic acid at 40°C. for 24 hours. The solution 
was then filtered, and the acid filtrate made faintly alkaline with solu- . 
tion of sodic carbonate, a few drops of an alcoholic solution of thymol 
being added to prevent putrefaction, and again digested at 40°C. for 
24 hours in order to convert all albuminous' bodies present into diffusible 
products. The solution was then made slightly acid with dilute acetic 
acid and dialysed in running water for many days, thymol being present. 
to prevent putrefaction, After dialysis the filtered fluid was diluted to 
one litre, made slightly alkaline with sodic carbonate solution, and so 
prepared constituted the pancreatic juice used in the digestions. 

500 c. c. of this pancreatic juice were mixed with a large quantity of 
well-washed blood-fibrine, and the mixture digested at 40°C. for three 
days, a few drops of a 20 p. c. alcoholic solution of thymol being added 
to prevent putrefaction. . The remaining 500 c.c. of pancreatic juice were 
heated without fibrine at the same temperature, and for the same. 
length of time. After three days’ digestion both fluids were made 
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slightly acid with acetic acid, heated to 100°C,, filtered hot, and the 
clear filtrates evaporated and tested for hypoxanthine. The digestion - 
with fibrine yielded 17 milligrams of hypoxanthine argentic nitrate in 
good crystals, a portion of which, when decomposed with hydrogen sul- 
phide gas, gave a strong reaction for hypoxanthine with boiling nitric 
acid and sodic hydroxide. The fluid without fibrine gave only a 


slight precipitate with argentic nitrate, showing that the juice lee > 
tained but a trace of xanthine bodies. Another digestion of a larger 


amount of fibrine with a pancreatic juice perfectly free from-xanthine _ 
bodies yielded 78 milligrams of hypoxanthine argentic nitrate. A 
large quantity of blood-fibrine was boiled with water for a day, then 
digested for several days in ‘2 p.c. hydrochloric acid at 40°C., and 
finally, after thorough washing, digested in pure pancreatic juice; in 
all three cases yielding hypoxanthine, a small quantity with boiling 
water, an increased amount with hydrochloric acid, and a comparatively 
abundant quantity with pancreatic juice, thus confirming Salomon’s’ 
experiments upon the formation of hypoxanthine from blood-fibrine by 
pancreatic ferment. A pancreatic juice prepared from the fresh pan- - 
creas of a dog yielded in 24 hours’ digestion of fibrine a small quantity 
of hypoxanthine. 

Quantities of peptones, formed by seouieaiie digestions of fibrine, 
given me by Prof. Kiihne, contained, with much leucine = dene 
appreciable quantities of hypoxanthine. 

Pancreatic digestions with egg albumin were now chen A 
pancreatic juice, prepared from 20 grms of pancreas substance, was 
_ divided into two equal parts: one part was mixed with coagulated egg 
albumin from 24 hens’ eggs, prepared as before described, and the mix- — 
ture digested for 48 hours in weak alkaline solution at 40°C. The 
other half of the pancreatic juice was heated without albumin for the 
same length of time. The digestion with albumin yielded 8°5 milli- 

grams of the crystallized hypoxanthine argentic nitrate, while the 
- juice without albumin showed only a trace ef hypoxanthine. | 

Egg albumin, previously treated with boiling water, and afterwards 
digested in ‘2 p.c. hydrochloric acid at 40°C. for six days, showing no 
trace of hypoxanthine i in either case, was now digested in pure pan- 
creatic juice for four days, a little thymol being present. In this case 49°5. 
milligrams of the crystallized hypoxanthine silver salt were — 
equal to 22 milligrams of pure hypoxanthine. 


"1 Berichte der Deutschen Chemischen Gesellschaft, 1878, p. 574. Zeitschrift fiir Physio- 
logische- Chemie, 1878, 1st Heft, p. 90. 
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Another digestion with egg albumin also yielded hypoxanthine, but 
in smaller quantity. Thus it appears that hypoxanthine is formed in 
considerable quantity from the digestion of blood-fibrine by pancreatic 
juice, and also from the. digestion of egg albumin, though sil iad 


~~ inthe latter case, with much less readiness. 


As results of these experiments then we find, 


| 1. That hypoxanthine is formed in small quantities from Aaid 
fibrine by 12—24 hours’ boiling with water, while egg albumin, under 
the same treatment, fails to yield noticeable quantities of hypoxanthine. 

2. That blood-fibrine digested at 40°C. in ‘2 p.c. hydrochloric 
acid for several days yields appreciable quantities of hypoxanthine, 
while egg albumin, similarly treated, shows no trace of hypoxanthine. 

_ 3. That by the action of gastric juice at 40°C. on blood-fibrine, 
among other decomposition products, hypoxanthine is formed, while 
from egg albumin, under the same ‘conditions, no hypoxanthine is 
produced. 

4. That by the digestion of blood-fibrine in pancreatic juice 
hypoxanthine is formed together with leucine, tryrosine, and other de- 
composition products; and that hypoxanthine is also formed from egg 
albumin by the action of pancreatic juice, though less readily than from : 

blood-fibrine. 
the hypoxanthine produced from blood-fibrine by 
Salomon’s methods is formed, not from the splitting-up of any one 
substance contained in the fibrine, but from the decomposition of the 
albumin itself, inasmuch as the less readily decomposable egg-albumin 
under the influence of the more powerful pancreatic ferment also yields 
hypoxanthine. 


Jan. 10, 1879. 
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OBSERVATIONS OF VISUAL PURPLE IN THE HUMAN 
EYE. By EDWARD NETTLESHIP, Ophthalmic Surgeon to St 
Thomas's Hospital. | 


THE five following observations, incomplete as they are, may perhaps 
be of interest at the present time. I have so far looked for the colour 
in five human eyes, and have found it in all with more or less 
success. In three of the specimens the yellow spot was well. seen, 
and showed no trace of red to the naked eye; in the other two, 
owing to mechanical difficulties, this part was not identified. In all — 
the specimens the colour was most intense in the posterior region of 
the retina; in one, and it was the best prepared of any, for the vitreous 
brought the retina out with it (No. III.), the colour extended far 
forwards, and ceased rather abruptly a little behind the ora serrata. In 
only one was any microscopical examination made (No. V.). 


I. Right eye of E, B., aged 11. Excised on Nov. 1, 1878, for the 

result of perforating wounds through the cornea and sclerotic by a dinner-fork, 
- some months before, with anterior synechia and remains of traumatic cataract ; 
the eye was soft and irritable, but had good perception of light. 

_ It was thickly bandaged for a couple of hours bofore the operation, which 
was done in a room with black walls by the light of a spirit lamp. The 
globe was at once opened along the equator under a sodium flame and, the 
vitreous (which was very fluid) having run out, was put into 4 p. c. alum solu- 
tion, and kept in the dark three days and a half (ninety hours). 

Some detachment and folding took place about the cut.edges, and the 

retina was torn in separating it from the optic disc. On laying the retina 
from the posterior half of the eye on a white plate, front surface downwards, 
near a large window admitting only diffused daylight (1 p.m., Nov. 5, with a 
cloudless sky), the outer surface was of a rather pale dull purplish-red colour 
at the central region, i.¢. a large area in the neighbourhood of the disc. 
Owing to the tearing and folding, the yellow spot was not seen. The parts at 
and in front of the equator showed no redcolour. 
_ The red colour passed in about a minute into a tawny or “chamois” 
vellow-purple colour ; in two or three minutes more it was a rather dark, dull, 
but full yellow, which much more slowly became paler and less yellow, 
finally remaining a dirty whitey-brown, or pale buff. 


II. Right eye of S. R., aged 5. Excised Dec. 10, 1878, about two 
months after a large lacerated wound of cornea and sclerotic with prolapse 
of iris. ye irritable and soft, and scar beginning to pucker, and showing 
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some lymph at its inner surface. Lens not wounded, but displaced forwards. 
Could see large objects and fundus appeared healthy. 

The eye was bandaged for some time before the operation, which was done 
after dark by the light of a sodium flame. It was immediately opened by the 
same light, just behind the ora serrata, the partly fluid vitreous allowed to run 
out as much as possible, and the hinder part of the eye put into the 4 p.c. 
alum solution and kept in the dark for forty-two hours. 

Dec. 12, 11 a.m. The retina removed in sodium light from the back of 
the eye, being cut off at the disc with scissors, and spread on a white plate, 
inner surface downwards. It had become detached on one side almost up to 
the disc. Examined in day-light (a thick yellow fog) the central region was 
of a rather dull pale carmine colour verging towards purple; the coloured 
area was an oblong containing the disc near one end, and the yellow spot at its 
centre; the colour ceased rather suddenly, though not by a hard line, a little 
heyond the two large vessels which skirt the upper and lower boundaries of | 
the yellow-spot region; beyond this line the retina appeared by comparison of 
a yellowish-white. | 

The yellow spot itself, an oval patch, with its long diameter as usual 
horizontal, was conspicuous by its yellow colour in the middle of the red 
area; the long diameter of the yellow patch was equal to about twice the dia- 
meter of the disc, its short diameter about half as much. Viewed froin 
_ the inner surface, no red was visible, but the yellow of the yellow spot was 
more conspicuous. 

In five or six minutes the red had become a kind of tawny colour © 
_ (“chamois”); this very slowly, in the course of half an hour, became a pale 
_ dirty buff, containing still a shade of pink; there was no decidedly yellow 
stage. . 

: The more peripheral parts, which at first looked white by comparison with 
_ the red, assumed a yellower tinge during the exposure, although the surface 
_was kept moist with the alum solution. | | : 


III. Right eye of a woman, aged 20. Excised for pain and photophobia, 
relapsing repeatedly after severe old keratitis; cornea almost wholly opaque; 
good perception of light. 

Excised, without precautions about light, at 3 p.m., Dec. 20, and placed at 
once in a covered basin in a perfectly dark place for half anhour, and then _ 
transferred entire to 4 p.c. alum solution, and kept in the dark for thirty- 

Dec. 21, midnight. Prepared under sodium flame, the optic nerve 
being cut out, and the front of the eye cut off just in front of the ora serrata. 
The retina which came away with the vitreous en masse was semi-opaque, and 
when examined by faint gas-light appeared of a uniform pale rosy red. A 
very weak solution of common salt now substituted for the alum, and the 
specimen placed, in a perfectly dark box wrapped in black cloth, outside the 
window for the night (temperature below freezing-point). 

Dec. 22, noon, (ground covered with snow, snow falling, light-grey sky), 
Specimen placed in a white basin. Outer surface of retina of a delicate pink 
colour, excepting the yellow-spot region (in diameter about twice the optic 
disc), which was bright yellow, and a zone 2—3 mm, wide, behind the ora 
serrata, which, compared with the rest, looked quite white. In ten to fifteen 
seconds, the pure pink had become a delicate salmon colour, t. e. mixed with 
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yellow. In five minutes, at the most, it had faded to a pale whitey-brown, 
 shewing a faint tinge of pink, and in ten minutes a slight pink was still 
visible when the retina was folded up in mass. Even after half-an-hour’s 
exposure; a narrow line behind'the ora serrata remained whiter than the 
rest. 


IV. Left eye of a woman, aged 25. Excised chiefly for appearance sake, — 
_ for dense corneal opacity with elongation of the eye, and secondary cataract: 
following corneal ulcers. ‘Tension somewhat increased, but perception of light 


Dec. 20. Excised 3 p.m., without precautions as to light, and at once 
placed entire in 4 p.c. alum solution, and kept in the dark thirty-four 

Dec. 21, after midnight.- Prepared under sodium flame. Optic nerve 
cut out, front of eye removed rather in front of ora serrata, and vitreous, which 
was partly fluid, partially emptied out. The retina becoming partially 

detached, several cuts were made, and the eye turned inside out, and replaced 
in the alum bottle in an almost perfectly dark place for twelve hours. 

Dec. 22, midday, (ground covered with snow, snow falling, sky light-grey). 
Retina only semi-opaque, and its red colour quite perceptible from the front 
(vitreous) surface as it lay in contact with the choroid. On stripping it off 
and looking at its outer (choroidal) surface, the delicate pink colour was 
beautifully seen, and quickly passed through the ‘ chamois ” stage into a dull 
pale buff or dirty whitish. The yellow spot showed no trace of red, but was 
- intensely yellow. The ora serrata region was paler than the rest, but owing 
to difficulties in manipulation, and the stretching and thinning which the 
coats of the eye had undergone in this part, no sharp contrast in colour was 
made out between this zone and the parts further back. The distinctly red _ 
- and chamois tints disappeared in less than five minutes, but even after — 

twenty minutes, a slight pink was still visible when the retina was folded 

up. | 7 

V. Right eye of M. X., aged 14. Removed twenty-one days after 
large perforating wound of cornea, iris and lens by a pen, with sympathetic 
irritation of the other eye. Good perception of light; tension subnormal; 
ciliary congestion. | | 

Dec. 31, 9.30 a.m. Excised (very dull morning, room half-darkened by a 
yellow blind till the moment for operation; the patient had been kept almost 
entirely in the dark for the previous three weeks). Globe put among the 
sponges into a white basin for two or three minutes, then wrapped thickly in 
lint, and placed in a leather bag for half an hour, and then transferred entire 
to 4 p.c. alum solution, and kept in the dark fourteen hours. 

‘Midnight. Prepared under sodium flame. Optic nerve cut out, and front 
of eye removed rather in front of ora serrata. The vitreous rolled out, but 
left the retina sticking to the choroid. The choroid was stripped out bearing 
the retina in situ, and divided into halves, Each half with its retina was laid, 
retinadownwards, on a glass slide, and the choroid peeled off, leaving the outer 
surface of the retina upwards. | | 

Under a weak gas-light it shewed the usual well-marked pale rose-red 
colour, which was, in general terms, most intense at the central region, anid 
absent, or barely noticeable, for about 2 mm. behind the ora serrata. The 
specimen was so much cut and folded that the yellow spot was not found. 
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For an hour and a half the specimen was examined microscopically in 
various ways, both in sections of the whole retina, and in pieces of the 
membrana Jacobi inspected from the outer surface. It was quite easy to 
make out that the red colour was entirely confined to the bacillary layer, 
and in one section I was fortunate in seeing clearly that the colour was 
present only in the outer (choroidal) half of this layer. The colour was 
_ too faint to be perceptible in single elements, and I could not tell whether 
it was present or absent in the cones. The contrast, both to the unaided eye, 
and under the microscope, between the white colour of the retina where 
the bacillary layer had been removed, and the red colour of this layer itself, 
was most striking. No epithelial pigment, worth mentioning, adhered to the 
retina. 

The colour faded very slowly under the light of the paraffin lamp used, 
and to which it was exposed during the greater part of the time ; it was still 7 
quite red at the end of the examination. 

The remnants, which were quite moist, were rolled into two little heaps, and 
covered up darkly till 8.30 next morning (tolerably clear day), when they were 
still quite pink, but passed quickly into chamois, or a sort of orange where 
pieces of the Jacobean layer were seen several folds thick, then into yellow, 
and ended with the usual dirty buff white. : 
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OBSERVATIONS ON THE PHYSIOLOGY OF THE 
SPINAL CORD. By ISAAC OTT, M.D., Fellow in Biology, 
Johns Hopkins University, Baltimore, U.S. (Plates IT. and III.) 


Secretory Functions. 


eae Goltz’ first observed that stimolation of the péripheral end of 
the divided sciatic trunk of a young kitten produced sweating of the 
ball of the foot, the attention of many observers (Luchsinger, 
Nawrocki, Vulpian and others) has been directed to the relation- 
ships of the nervous system to the sudoriparous glands. The follow- 
ing experiments, though traversing in part the ground of previous 
investigators, were made mainly with the object of finding the position 
in the cord of the centres from which the sweat-fibres for the limbs | 
arise, Some general observations on the réle played by the nerves in 
_ exciting or arresting the secretion were also made. | 

Method. The animals employed were young cats with unpigmented 
feet: these not only bear the operations better than older animals but 
sweat. more easily and the secretion is more readily observed. In cases 
where the cord was to be exposed the animal was placed belly down- 
_ wards, with a block of wood under its abdominal surface to elevate the ~ 
vertebre and make them more accessible. The muscles having been 
separated from the vertebral arches and held at a distance by means of 
weighted hooks, the spinous processes were cut off, and a small trephine 
employed to make openings, about half an inch apart, through the 
arches. The intervals between these openings were subsequently 
broken through by means of strong cutting forceps. Bleeding was 
checked by the application of cotton previously soaked in solution of 
iron chloride and dried. In some cases artificial respiration was also used | 
as a retarder of hemorrhage. To stimulate the nerves or the central 
nervous system a du Bois coil was used, with Helmholtz’s arrange- 
ment to prevent unipolar action. Tetanizing currents were employed. 

An abstract of the experiments made is given at the end of this 
paper. A temperature of at least 20°C. was found to bea very neces- 
sary condition for success. 

When a cat’s sciatic is divided and the peripheral end of the nerve 
stimulated, the foot momentarily becomes paler in colour, and then — 


1Goltz. Pfliiger’s Archiv, x1. (1875), p. 71.: 
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quite red, and at the same time sweat appears. The question arises, 
Is this due to a direct action of the nerve upon the gland-cells? or is it 
dependent on circulatory changes, such as have been supposed to pro- 
duce the sweating of the horse’s face seen after section of the sym- 
‘pathetic ; or finally, does the irritation of the nerve merely throw the 
unstriped muscular fibres about the glands into activity and press out 
the glandular contents? This last idea is not correct, because although 
the contraction of surrounding muscular fibres might undoubtedly 
squeeze out some sweat from the glands, yet when this was wiped away 
no secretion could from this cause reappear in a continuous manner 
when the stimulation was kept up; and experiment shews that the 
secretion may be excited for hours by prolonged stimulation of the 
nerve. As to the circulatory theory we know through the researches of 
the lamented Bernard that the blood-vessels play an important part 
in the secretory mechanism of the submaxillary gland; but we also 
know from the work of Ludwig and others that variations in the 
_ blood-supply are even in that case by no means the only, or even the 
primary, factors in the production of the secretion. The following 
experiments confirm the results of Luchsinger and others that this is 
true also with respect to the sweat-glands. Thus if the leg of a cat 
be amputated and some minutes afterwards its sciatic nerve be irri- 
tated (Exp. 1), a secretion of sweat breaks out on the foot. It may be 
objected that the gland here uses up the blood necessarily remaining 
in the capillaries; probably it does, but it is hardly to be believed 
that vaso-motor changes can wholly account for a secretion excited 
under these conditions, When the blood-supply is cut off by com- 
pression of the artery of the limb, it is still possible to excite a sweat . 
secretion, even after muscular rigidity has commenced to appear (Exp. 
2,3 and 4). ‘This makes it still more improbable that the secretion 
of sweat following the stimulation of the nerve is due to circulatory 
changes in the capillaries of the glands. It must rather be inferred 
that the nervous impulses act directly upon the protoplasm of the 
gland-cells, causing them to evolve their secretion; and largely apart 
from vaso-motor phenomena, The vaso-motor changes alone are also — 
- insufficient to cause secretion. In many cats the vessels of the foot 
dilate upon stimulation of the nerve, but no secretion follows. And in 
_ the case of a cat (Exp. 17) the sciatic of which had been divided 
nine days previously, rubbing the foot caused redness but no sweat- 
ing: this not being dependent upon inability of the gland-cells to 
secrete, since a small dose of muscarin started them into activity. 
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Still, as might be expected, the secretion stands in a certain de- 
pendence upon the blood-supply. In the Experiments 2, 3 and 4 the 
sciatic was irritated, and the time which elapsed between the com- 
mencement of the stimulation and the appearance of sweat was noted. 
A ligature, including all the tissues but the nerve, was then tightened 
around the limb and the nerve again excited in exactly the same 
manner. During the first ten or fifteen minutes after tightening the 
ligature, the “latent time” of the secretion, as we may call it, was but 
little altered; but during the second period of fifteen minutes it was 
considerably increased, whether the compression was only moderate or 
the ligature was so tight as to allow the muscles to become rigid. If 
the ligature was now loosened the time elapsing between stimulation 
and secretion was again diminished. Whether in these cases the delays 

were due to loss of activity by the gland-cells or to diminished irritability 


of the nerve is not easy to decide. It is known that when the blood is 


shut off from the nerves in a warm-blooded animal the motor-fibres lose 
their irritability in from ten to twenty minutes: Now this is about the 
time when the sweat-production begins to slacken, but it must be 
remembered that the secretory nerves seem in general to retain their 
activity for a considerable time after the motor-fibres have lost their 
irritability, so that we might be less inclined to impute the delay to 
them. On the other hand, the fact that in the sheep the parotid gland 
continues to secrete for some fifteen minutes after death, without the 
stimulation of its nerves, seems to shew that secreting cells may retain 
their vitality unimpaired for a considerable time after the cessation of | 
the blood-supply. It may also be supposed that the delay was due, not 
to a loss of irritability on the part of the gland-cells, but to a scarcity 
in the supply of material. But in either case it is obvious that the — 
activity of the glands is to a certain extent dependent on circulatory 
conditions. | 

It having been established that the sweat following the irritation of 
a nerve is primarily due to a direct action of this nerve on the gland- 
cell, I shall proceed to state what changes in the cell’s protoplasm are 
produced by changes of the activity of the nerve. In a cat the sciatic 
was cut and the animal kept until the fifth day, when the balls of 
the feet were excised, and placed in absolute alcohol; sections were 
made when the specimens were hard enough, stained with Beale’s 
carmine solution, and mounted in glycerine. In another cat the sciatic 
was exposed and feebly irritated for about two and a-half hours, when 
the balls of the feet were treated in the manner just described. In the 


4 
ath 
¢ 
i} 
i} 
at 
H 
} 
Re 
zi 
a3 
4 
= 
ag 
Be 
a 
| 
} « 
? 
t 


PHYSIOLOGY OF THE SPINAL CORD. 45 


glands from the limb with its nerve cut five days previously, the cells 
were noted and compared with those of the irritated gland. It was 


_. found that the irritated cells were smaller than the resting cells, more 


granular as regards their protoplasmic contents, and more highly 
tinged with the carmine solution, although left in it the same time as 
the resting cells. Whether, as Heidenhain thinks, the more highly 
tinged irritated cell is due to a peculiar chemical attribute of the 
albumin of these cells as regards carmine, is a point difficult to sub- 
stantiate as fully as might be wished. It strikes me, it might be due 
to physical causes in the osmotic properties of the tissue to carmine, 
just as readily as to a peculiarity of this albumin. However be the 
fact explained; there is no doubt that irritated cells are more highly 
stained than those of the resting cell, although subjected to the same 
re-agents for the same time. Figs. 1 and 2 (PI. II.) represent the 
gland-cells after section of the sciatic for five days. Figs. 3 and 4 
_ represent the cells of the irritated gland, whilst Figs. 5 and 6 
represent the cells immediately after an operation on a cat, 7.e. with- 
out previous special rest or prolonged stimulation, All are transverse | 

sections—the objective D and ocular No. 4 of Zeiss being employed. 
In addition to the excito-secretory apparatus there is an inhibiting 
nervous mechanism connected with the sweat-glands. When the sciatic 
nerve of a cat is divided and pilocarpin administered to the animal, an 
active secretion of sweat soon breaks out. Upon irritation of the peri- 
pheral sciatic this secretion is checked, and this result is still more 
marked if the electrodes be applied directly to the balls of the feet. It 
may be suggested that this checking of the secretion depends upon 
vaso-motor changes; but I have already shewn that ligaturing the. 
artery of the limb only affects the secretion after the lapse of some ten 
or fifteen minutes, while in this case the result follows almost at once on 
the application of the stimulus. It seems probable to me that the 
multipolar. nerve-cells described by Coyne? about the sweat-glands 
form a part of the inhibitory apparatus. If so, they must be under the 
control of fibres running in the sciatic, since as above stated stimulation 
of that nerve, under certain circumstances, calls them into activity. But 
the sciatic receives fibres from the spinal cord in two ways; some 
directly through the roots which unite to form it, some indirectly 
through the sympathetic, and it remains to decide which course the 
inhibitory fibres take, Experiments of Vulpian’*, which I have repeated 

1 Comptes Rendus, Tome 
3 Abid. 
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and confirmed, shew that they pass through the abdominal sympathetic, 
although that nerve also contains excito-secretory fibres which gain the 
ascendancy upon the application of powerful stimuli. This view receives 
confirmation from an experiment (Exp. 5) in which I opened the abdo-— 
men of a cat and lacerated the tissue about the left abdominal sympa- 
thetic, when the left foot became-dry (whilst the others were moist) and 
remained so next day, even when the psychical irritation of tying the 
animal down had bathed the other feet in a profuse perspiration. I 
then gave this cat a dose of pilocarpin, when the sweat broke out pro- 
 fusely in all the extremities except the left, where it did not appear 
for a considerable time. In another cat I divided the left sympathetic, 
and next morning noticed that the left foot was moister to a small ex- 
tent than the corresponding right extremity, and when a small dose 
of pilocarpin was given, then the left foot began to sweat profusely, 
whilst the right did not until considerably later. Here the exciting 
fibres coming through the lowest lumbar nerves and first sacral into 
the sciatic, shew an unwonted activity in consequence of the absence of 
the normal restraining influence proceeding through the sympathetic 
fibres. The inhibitory action when once set up continues for some time: 
when a cat’s foot is sweating from pilocarpin, local irritation will con- 
siderably diminish the secretion for some minutes. This inhibitory 
mechanism no doubt plays a part in the production of the hot non- 
sweating skin of fever. For, as I shall shew further on, heat is one of 
_ the most powerful excitants of the sweat secretion; as indeed we daily 
experience in hot weather. Vulpian believes that the centre of the 
inhibitory fibres lies in the medulla oblongata; but I have found stimu- 
lation of that region to excite active secretion (Exp. 18). Stimulation 
of parts of the brain in front has also no restraining effect, so far as I 
have seen. 
The path from the spinal cord to the sciatic nerve, of the excito- | 
secretory fibres seems to be double. As already stated, powerful stimu- 
lation of the abdominal sympathetic (Exp. 6) causes sweating of the 
foot on that side. Moreover when the spinal cord of a cat is divided 
between the eleventh and twelfth dorsal vertebra, irritation of the last 
three dorsal and first two lumbar anterior roots excites sweating in the 
corresponding posterior extremity (Exp. 8). Now these roots do not 
directly enter into the sciatic at all, so that these excito-secretory fibres 
must run through the sympathetic, into that nerve. On the other 
hand, if the last lumbar and first sacral roots, which help to form the 
sciatic trunk, be irritated, sweating of the foot is also produced (Exp. 9). 
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In the fore limb the excito-secretory fibres pass through the sympathe- 
tic. Irritation of the median nerve causes sweating of the medial half 
of the foot, and of the second and third toes, and the medial half of the 
fourth. When the ulnar nerve is irritated the other half of the foot 
sweats, the ulnar half of the fourth toe and the whole of the fifth (Exp. 
10). The exciting fibres in this case must pass through the brachial 
plexus, but they reach it through the ganglion stellatum ; since, after 
excision of that ganglion on one side, asphyxia, which is a » scan 
excitant of sweat, will leave the ball of the corresponding limb dry, 
while those of all the other feet are bathed in profuse perspiration 
(Exp. 11). The fibres reach the ganglion, at least in part, from the 
fourth dorsal spinal nerve, since irritation of its anterior root causes 
sweating of the corresponding anterior extremity (Exp. 12). | 


Having traced the secretory nerves into the spinal cord, the next 
question which presents itself is, In what parts of the cord or medulla 
do'they arise or have théir proximate centres? Luchsinger’s’ view 
that the centres, or at least some of them, lie in the cord, is confirmed 
by the following experiments. If the cord be divided between the sixth 
~ and seventh cervical vertebre and the animal be left to recover for 
some hours (Exp. 13), and then asphyxia be produced, all the feet will 
_ sweat. That the accumulation of carbonic anhydride does not excite 
the secretion by a peripheral action is shewn by Experiment 14, in 
which one sciatic was divided previous to asphyxiation, and in which 
the corresponding foot remained dry, while the others sweated. The 
action is also not reflex, for it occurs after section of the posterior 
roots, so we must conclude that the sweating of asphyxia is due to a 
central action on the spinal cord. When the cord is divided between — 
the eleventh and twelfth dorsal vertebra, sweating on the posterior _ 
extremities still takes place on the production of asphyxia, so that their 
sweat-centres must lie in the cord behind that point. Heat is another 
excitant of sweat, which acts centrally. If the cord be divided between 
the tenth and eleventh dorsal vertebrae and one sciatic be also cut, 
then (Exp. 15, 16) upon placing the animal in a chamber warmed to — 
50° or 60°C. all the limbs sweat but that one with its nerve divided. 
That the action is not reflex is shewn by the fact that if, after section 
of the cord in the above region, the sensory roots attached to its pos- 
terior segment be divided, the hind feet will still sweat on heating. 


1 Pfliiger’s Archiv, xIV. (1877), p. 369. 
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Sweat secretion however can also be excited reflexly, as is shewn by 
Experiment 16, in which stimulation of the central end of a divided 
sciatic caused sweating of the opposite foot. 

The administration of certain drugs throws the sweat-glands into 
exaggerated activity. Either muscarin or pilocarpin given subcutane- 
ously produces profuse sweating of all the feet; and this sweating still 
occurs on the posterior extremities when the sciatic nerves have been 
divided recently. The excessive perspiration in each case is stopped by 
atropin. Muscarin and pilocarpin however seem to act upon different 
parts of the peripheral apparatus. In an animal with its sciatic divided 
nine days previously and in which electrical stimulation of the periphe- 
ral end of the nerve caused no sweating; a dose of muscarin produced 
it (Exp. 17). This makes it probable that muscarin acts directly upon 
the gland-cells, Pilocarpin on the other hand causes no sweating in 
the foot of a limb the nerve of which has been divided seven days 
previously, and probably acts rather upon some part of the nervous 
apparatus of the glands than upon the secreting cells themselves. 

When we compare the sweat and the salivary glands we find many 
points of similarity. Muscarin and pilocarpin excite both by a periphe- 
ral action, and in Experiment 15 I noticed that the salivary secretion 
was excited as well as the sweat, and as the heating acts centrally in 
the latter case it is probable that it excites the submaxillary by a cen- 
tral irritation. | 

If we compare the course of the sweat-fibres with those of the vaso- 
motor system, they will be found to pursue a somewhat similar course. 
Thus the vaso-motor and sweat-fibres pass from the lumbar part of the 
cord, and some from its dorsal part, through the abdominal sympathetic 
to the sciatic. But in the fore limb the vaso-motor fibres pass through 
the third, fourth, and fifth anterior dorsal roots, the sweat only by the 
fourth (Exp. 12), and run in the ganglion stellatum to the brachial plexus, 

and then to the median and ulnar nerves. Further, sweat-centres like the 
_vaso-motor centres are situated throughout the cord and medulla ob- 
longata, for when the latter is irritated an abundant secretion of sweat 
occurs in all the extremities (Exp. 18). 


Appended are some of the — upon which the preceding 
statements are based. 


Exp. 1. Cat, killed—posterior extremity amputated, sciatic nerve irri- 
tated, when sweat began to appear in the ball of the foot; this was repeated, 
with a similar result, several minutes after death. | 
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EXPERIMENT 2. 
Distance be- 
tween primary| Compression of blood- Time it takes for the 
“Time, | 92d Secondary _ vessels by ligature sweat to appear—the irri- 
’ circuits of involving all the tissues tation being kept up 
du Bois coil. except the nerve. till it did. | 
P.M. Seconds, 

3.10 0 

3.15 10 

3.16 severe compression 

3.20 10 

3.25 10. 

3.30 ‘ | 11 

3.40 limb stiff 15 

3.45 15 

3.50 30 

3.51 ligature loosened 

3.55 | 15 

40 | 15 

4.5 10 
EXPERIMENT 3. | 

4.0 2 15 

45. 15 

4.6 moderate compression | 

4.10 15 

4,15 15 

4.20 55 

4.25 | 65 

4.26 ligature loosed 

4.30 | 45 

4.35 15 
EXPERIMENT 4, 

311 5 7 

3.16 5. 

3.20 7 

3.23 moderate compression 

3.25 7 

3.28 10 

3.33 

3.38 12 

3.40 ligature loosed 

3.44 | 10. 
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I. OTT. 


Exp. 5. Cat, sthecisied: Abdomen opened and the tissues torn up about 
the left abdominal sympathetic, the wound closed ; it was then noticed that 
the extremities were bathed in sweat, except the left, which was dry. Next 
morning, the left foot was much dryer and paler than the right, when the 
animal was fastened on the holder. 

11.20 a.m. Right sciatic divided, and a small dose of pilocarpin given 


subcutaneously, 


11.27 a.m. Sweating and salivation profuse; hut no sweat was as yet 
seen in the left posterior extremity. Irritation of right sciatic retards the ~ 
sweating in that foot, but when the electrodes are locally applied to the foot, _ 
the retardation of sweat is much greater and remains so for a few minutes 


_ after removal of the electrodes, The left foot after a time —_ to sweat, but 


feebly compared with that of the opposite side. 


Exp. 6. Cat,etherized. Left abdominal sympathetic placed on Ludwig’s 
electrodes and the wound closed, the end of the electrodes projecting—feeble 
irritation of the left abdominal ’ sympathetic caused no sweating, although a 
current of the same strength would. make a sciatic give rise to sweat. Strong 
irritation to the sympathetic caused the foot to become paler for several 
seconds, then it became red and sweating, 


- Exp. 7. Cat. Left abdominal sympathetic divided on the previous day 
at the sisi of the fourth lumbar vertebra. The left foot became moister than 


_ the corresponding right one.. 


9.45 a.m. A small dose of pilocarpin was given. 

9.52 am. The saliva is running, and the sweating in the left foot is 
more profuse than in the right, being generated more vr after being 
wiped off. The right foot sweating but little. 


Exp. 8. Large cat, etherized, Cord divided between the eleventh and 


twelfth dorsal vertebra, Lumbar portion exposed. The nerves divided out- 


side the dura mater, irritation of the anterior root of the tenth dorsal pro- — 
duced no sweating, whilst irritation of the three last dorsal and the first 


and second lumbar did—the lumbar nerves giving the most sweat. The third 


lumbar gave no sweat when irritated. Care was taken that there was no 


spreading of the electrical current. 


Exp. 9. Cat, etherized. Cord divided in upper part of lumbar region, 
the peripheral ends of the two last lumbar, and first sacral nerves were 
irritated after having been divided outside the dura mater. The lumbar 
region of the cord was then excised. Stimulation of the last lumbar and first | 
sacral nerves—anterior roots—caused sweating in the corresponding foot. 


Exp. 10. Cat, etherized. Median nerve irritated, when sweat was seen 
on about half of the ball of the foot, median side, and on the second, third, 
and medial half of the fourth toe. When the ulnar nerve was irritated, 
— of the fourth toe, and the whole of the 


Exp. 11. Cat, etherized. Artificial respiration kept up. The first two 
ribs resected after previous ligature of the venous trunks, The right stellate 
lion exposed, and a ligature tightened around it, when asphyxia was 
induced, but no sweating ensued in that anterior re although _— 
in all the others. 
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Exp. 12. Cat, etherized. Dorsal region of the vertebral canal opened, 
and the third, fourth and fifth dorsal nerves—their anterior roots—irritated, 
the fourth dorsal only producing sweat in the anterior extremity. 


Exp. 13. Small cat. Cord divided between the sixth and seventh cer- 
vical vertebra. After the lapse of a few hours asphyxia was induced, when all 
the extremities became covered with sweat. 


Exp. 14. Cat, etherized. Sciatic divided, cord divided in the dorsal 
region—asphyxia induced, but no sweating was seen in the extremity with the 
cut sciatic, although it appeared on the other feet. ; 


2 Exp. 15. Cat, etherized. Cord divided between tenth and eleventh dorsal 
vertebre at 12.25 p.m. Right sciatic divided. 
2.55 p.m. Saliva flowing in a stream. | 
3.15 pm. Temperature 50°C. All the feet sweating the oe 
with a divided sciatic. 


Exp. 16. Cat. Cord cut in dorsal region on the previous day. 

9am. Placed in a warm chamber. 

9.30 a.m. Thermometer 60°C. Sweating in all the extremities except 
the cut one. Animal removed. 

. 9.40 am. Central end of sciatic stimulated, when sweat was seen to break 
out in the opposite posterior extremity. 


Exp. 17. Cat. Nine days after section of sciatic the nerve was stimu- 
lated at its peripheral end, but no sweat appeared. 

10.42 am A drop of muscarin was given ws when sweat 
appeared in the cut extremity. 


Exp. 18. Cat, etherized. Medulla oblongata bared. Artificial respiration 
kept up. Medulla oblongata was irritated, when sweat broke out in all the 
extremities. 


Exp. 19. Cat, etherized. Trephined and surface of siete irritated 
at the centre for the retraction and abduction of the fore-paw, just behind 
the crucial sulcus in the superior external convolution, but no increase of 
the sweat secretion was noticed in the opposite anterior extremity. 


Exp. 20. Cat. Cord divided between sixth and seventh cervical ver- 
tebree, right sympathetic divided, and left sciatic. After a rest of some 


hours asphyxia was induced, when is Gattis — in all the extremities 
except the one with cut sciatic. 


II. Vaso-dilator 


RECENT researches have led many physiologists to adopt the view 
that dilation of the blood-vessels is brought about by vaso-dilator 
nerves connected with vaso-dilator centres in the spinal cord. The 
object of the ocean experiments was to determine more accurately 
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‘the position of these vaso-dilator Method. —The animals 
operated upon were cats with unpigmented feet. They were etherized, 
the cord bared by trephining and then divided, and then sometimes 
destroyed in toto for some distance; this was done by thrusting a wire 
between two trephined openings. The complete destruction of the cord. 
was confirmed by post-mortem examination. The animals were usually 
operated upon in the morning, and heated in the evening; a 
few were kept till the next day and subjected to heat. 
The temperature was elevated in the chamber to over 50° C. unless 
the changes took place at a lower point. : 
I find that the centre of the vaso-dilator nerves for the skin of | 
the posterior extremities is located between the 10th dorsal and the 
1st lumbar vertebree. To obtain this result the spinal cord was divided. 
between the 6th and 7th cervical vertebrae, the right cervical sym- 
pathetic in the neck divided just above the first rib; then the left 
sciatic was cut and the animal allowed to rest till evening. Then it 
was placed in a chamber and heated, when the right posterior 
extremity became more red than the left posterior extremity. This 
experiment left no doubt that the skin of the posterior extremitics 
was supplied with vaso-dilator fibres arising in the spinal cord. In 
another cat the right cervical sympathetic was cut just above the first 
rib, the cord divided between the 2nd and 3rd dorsal vertebra, and 
the left sciatic divided, when upon heating the same colour-changes 
ensued as in the previous experiment. In another animal the cord 
was divided. between the 6th and 7th dorsal vertebra and the right 
cervical sympathetic cut just above the first rib; the left sciatic also 
divided. After a rest of several hours the animal was. heated, and still 
the same colour-changes as above ensued in the posterior extremities. 
These experiments make it probable that the vaso-dilators for the feet 
arise from nerve-centres seated below the 6th dorsal vertebra. If so, 
then extirpation of the part of the cord containing them should 
abolish the vaso-dilator changes in the skin of the posterior extremity. 
In a cat the cord was destroyed between the 9th dorsal and the Ist 
lumbar vertebre and the animal kept till next day. Upon heating no 
difference was noted in the colour of the feet, the one with cut sciatic 
and the other with it intact had the same colour. If anything, the foot 
_with sciatic cut was always slightly more red than the one whose sciatic 
was not divided. In another animal the cord was destroyed in the — 
morning between the 10th dorsal and the 1st lumbar vertebre and the 
sciatic of one foot divided. Upon heating in the evening and next 
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‘morning no colour-changes took place except those due to heating i in 
feet with sciatics divided, that is they become paler. 

I also noticed rhythmical changes of colour about every thirty 
seconds in the foot with uncut sciatic, during heating. These changes 
also take place without heating. Now Lovén has seen in experi- 
menting on rabbits that their saphenous artery dilates and contracts 
rhythmically about twice every minute. These rhythmic changes of 
colour in the ball of the foot would correspond to this number. 

The inquiry arises here, How does heat excite the centre of the vaso- 
dilator fibres? It has been shown that heat can excite by a direct 
action on centres in the spinal cord, as is the case in regard to the 
sweat-centres. On the other hand Griitzner' has proved that heating 
the central end of the sciatic throws the vaso-dilators into activity. 
It is probable that the beat here acts directly on the centres in the 
cord, and thus dilates the blood-vessels of the skin of the ouaie 
extremities; but the ‘action may also be reflex. __ : 

Appended i is an account of some of the experiments. 


Exp. 1. Cat; left sciatic divided, when the foot on that side for the first 
few minutes became paler than the opposite one; afterwards it became more 
red than its neighbour. The animal was then placed in a chamber heated to 
33° C., when the cut foot became pale and the uncut extremity red. — 


Exp. 2. Cat; left sciatic divided, cut extremity more red than the opposite 
one. The animal was heated in a chamber, and immediately afterward the 
peripheral end of the divided sciatic electrically irritated, when the foot 
became pale. When the trunk of the uncut sciatic was electrically irritated, 
the fuot remained red. 


Exp. 3. Cat; right sciatic divided, section of spinal cord at the junction of 
the last dorsal and 1st lumbar vertebre. Upon heating, the cut extremity 
became pale, the uncut red. Then the left abdominal sympathetic was divided 
(the abdomen being opened), and the animal again heated, when no difference 
in colour was found between the two feet. 


Exp. 4. Cat; right cervical sympathetic cut just opposite a section of the 
spinal cord between the 6th and 7th cervical vertebre; left sciatic divided. 
Animal left to rest for several hours, Upon heating the chamber to 43°C. 

the cut extremity became pale whilst the uncut became more red. 


Exp. 5. Cat; cord divided between the 6th and 7th cervical vertebra, 
right cervical sympathetic divided opposite the section of the cord, left sciatic 
divided and the animal heated to over 50° C., when the uncut foot became 
more red than its neighbour, whilst the cut extremity became paler than it 
was before. The ball of the uncut foot was also noted to rhythmically change 
colour, that is become pale and then red. These changes were accomplished 
in about every thirty seconds during the heating. 


1 Griitzner. Pfliiger’s Archiv, Bd. xvi1, 1878, p. 229. 
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Exp. 6. Cat; cord divided between 2nd and 3rd aii vertebre, the 
right cervical sympathetic divided low in the neck, just above the first rib, 


left sciatic divided. Upon heating the cut — became paler, whilst 
the uncut became more red. 


Exp. 7. Cat; cord destroyed on previous day between the 9th dorsal and 
Ist lumbar vertebrae, left sciatic divided. Next morning upon heating to over 


50° C., the foot whose sciatic was divided was a little more red than the oppo- 
site one. 


Exp. 8. Cat; cord destroyed on previous day between the 10th dorsal and 
the lst lumbar, right sciatic divided. Next day the foot with cut sciatic more 
red than its neighbour. Upon heating to over 50°C., the foot with cut sciatic 
was — more red than the opposite one. 


III. Rhythmical Functions. 


It was first noticed by Gluge’ in a paralyzed rabbit, which had been 
accidentally wounded in the lumbar region, that rhythmical contractions 


and dilatations of the sphincter ani occurred. These movements were 


not accompanied with any discharge of intestinal contents. Goltz* 
afterwards, unaware of Gluge’s observation, noticed in the dog after 
division of the cord at the junction of the lumbar and dorsal regions 
that similar movements took place, and he found that irritation of the 
sciatic arrested them. Their number in the dog was about twenty 
per minute. Wishing to see if the centre in the cord for these 


rhythmic movements was the same as that on which the normal tonic 


contractions of the sphincter depend, I employed the following method :— 
Cats and dogs were selected and etherized, the cord was then laid bare 
(by trephining a small hole in the bony vertebral canal), and divided. 
The animal was allowed to rest some hours after this before the obser- 
vations were made. 

When the cord is divided very soon are to be seen rhythmical move- 
ments of the sphincter ani, which in the cat number from twenty to 
twenty-five per minute. If the abdominal aorta is compressed these 
become more frequent, but finally the sphincter passes into a state of 
relaxation. If a probe be inserted into the rectum the rhythmical 
movements are temporarily increased, or if not present are immediately — 
set up. If in a dog a “dropper” is inserted into the rectum and 
attached to a Marey’s tambour the rhythmic movements can be 


1Gluge. Bull. de V'Acad. Royale de Belgique. 1868. 
2 Goltz. Pfliger’s Archiv, Bd. vu. 1873, p. 582. 
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recorded ; the sphincter ani relaxes, and remains in this state till the 
stoppage of the irritation, and then immediately makes a strong con- | 
traction, followed by several rhythmic contractions. The contraction a 
immediately after the irritation passes off is much stronger than the 
one just before the stimulation. | 

As tracings of these movements have not hitherto been published I 
give one in Fig. 1. The figure is to be read from right to left. It will 


Fig. 1 


be seen that at the moment (a) the stimulation of the sciatic commenced 
the movements ceased, but commenced again more powerfully (6) when 
the irritation of the nerve was discontinued. When the movements 
have been absent for a time, as is often the case, they are at first more 
powerful and considerably less frequent than they afterwards become. 
They gradually diminish in force and increase in frequency until they 
again cease; to recommence after a time either et of upon 
the application of a stimulus to the anus. 

Moreover, I have found that the rhythmic contractions are not con- 
fined to the anal sphincter, but are also to be seen in that of the vagina 
of the cat and bitch. The number of these rhythms in the cat’s vagina 
In one experiment was about four per minute, and independent of 
those made by the anal sphincter of the animal at intervening periods. 
For the vaginal sphincter has movements simultaneous with those made 
by sphincter ani and probably dependent upon traction from it. If 

the vaginal mucous membrane is irritated the rhythmical movements 
are increased in number. They are slowly produced and the relaxation 
occupies about the same time as the contraction of the muscle. When 

_ the central end of the sciatic is irritated then the rhythmical move- 
ments of the sphincter vaginz cease. 

As to the seat of the ano-spinal centre Masius’ found that in dogs _ 
the spinal cord contained it at the union of the middle and inferior 


1 Masius. Bull. de UVAcad, Roy. de Belgique. 1867, 1863. 
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thirds of the 5th lumbar vertebra. When a section was made here he 
obtained a relaxation of the sphincter ani and reflex contractions ceased. — 
In rabbits he found it. at the level of the intervertebral disc between 
the 6th and 7th lumbar vertebree. He also discovered that the sphincter — 
ani was called into activity-by fibres coming through the second and 
third ‘sacral nerves. Irritation of the spinal cord, medulla oblongata, 
cerebral peduncles and thalami optici caused the sphincter ani to 
contract strongly in the rabbit. 

In the cat I find all vaginal and anal rhythmic and reflex movements 
cease when the cord is divided between the 6th and 7th lumbar vertebre. 
I divided the cord farther forwards on the previous day so as to allow 
the reflex functions to become more marked, and then found that 
section between the 5th and 6th lumbar vertebrz had no effect, while 
section between the 8th and 7th abolished the movements. I have not — 

_ been able to divide the cord in such a manner that the tonic contrac- 
tion should continue without the rhythmic doing so, The centres must 
be either one and the same, or if different located near each other. 
The vagino-spinal centre is also located between the 6th and 7th 
lumbar vertebra, for when the cord is divided here all reflex activity in 
the sphincter vagine is lost. At no time have I been able to separate 
the ano-spinal centre from the vagino-spinal. So these centres must be 
seated very near each other. That the rhythmic contractions are not — 
due either to the inherent property of the muscular fibres of the 
sphincters or to the action of hypothetical ganglia located in them, is 
proved by experiments where the ano-spinal centre was destroyed and 
the animals lived some days. In these cases no rhythmic or other 
movement was seen or could be excited, save that due to the elasticity 
of the muscle itself. This leaves no doubt but that the spinal cord 
can originate impulses which cause rhythmic contractions of muscular 
tissue. The movements in question are not due to any action through 
the abdominal sympathetics, for these may be cut without interfering 
with them. When the vaginal or rectal mucous membranes are irri- 
tated I have seen the posterior extremities of one side execute move- 
ments of adduction and extension rhythmic in their nature. — 

_ The inquiry arises here, Do these movements of rhythmic dilata- 
tion and contraction normally take place either in lower animals. or 
in man? When the act of defecation takes place in the horse, it 
is seen that after the act the sphincter makes a series of rhythmic 
movements due to the excitation of the rectal mucous membrane 
having set the rhythmic apparatus into activity, but soon the over- 
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powering inhibition from the brain stops the rhythmic movement. 
Further, in man, when ‘afflicted with dysentery and tenesmus, the. 
sphincter will at the time of the tenesmus set up a series of rhythmic 
movements, In fact, I think it may be safely assumed that any strong 
excitation of the rectal or vaginal mucous membrane will cause their 
sphincters to exert themselves in a rhythmic manner. Thus we know 
that a suppository of opium is the best remedy for tenesmus, benumbing 
the sensory nerves of the part which convey the impulses from m0 
locally inflamed portion. 
The fact that the sphincter vagine is under the power of a reflex 
_ centre in the spinal cord is of some import in pathology. In the begin- 
ning of a prolapsus uteri the pressure of the womb will call the vagino- 
spinal centre into activity, and retard the downward inclination of the 
womb. It also offers an explanation of the prolapse so often seen in 
women with ruptured perineum, because the sphincter vaginze being 
_ broken no support by reflex-contraction can be given to the womb in its 
retrograde changes immediately after child-birth. It also explains those 
cases of vaginismus due to a local hyperesthetic state of the vaginal 
mucous membrane calling the vagino-spinal centre into unwonted acti- 
-vity. The fact of the spinal cord originating rhythmic movements has 
several suggestive bearings on the vaso-motor rhythm, and possibly 
other rhythmical movements. 

_ The observation that irritation of the vaginal or rectal mucous 
membrane may call out in the voluntary muscles a rhythmic adduction 
and extension, is also of value in pathology in cases where we find 
rhythmic movements of an extremity taking place such as have been so 
thoroughly studied by Dr S. W. Mitchell. These cases can be ex- 
plained, at least some of them, by the inhibition of the brain on the 
spinal centres being removed by disease, when the spinal centres take 
on a rhythmic activity; or, there may be a strong visceral irritation 
calling out rhythmic movements of an extremity by a reflex action on 
_ the centres of the spinal cord, or the spinal cord itself may contain an 
irritative lesion. | 
: Appended are some of the experiments upon which the preceding 

observations are based. 


Exp. 1. Cat; cord divided between the Ist and 2nd lumbar vertebre, both 
abdominal sympathetics had been divided two days previously by opening the 
abdominal cavity; rhythmical contractions of the sphincter ani were seen to 
take place, irritation of rectum with a probe increased them, irritation of 
vaginal mucous membrane also increased the rhythm of the sphincter ani. 
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The sphincter vagine was also seen to make independent rhythmical contrac- 
tions about four per minute ; it also made others simultaneous with those of 
the sphincter ani; irritation of the rectum with a probe caused the sphincter 
vaginge to open. Sciatic irritation by the induced current of the central end 
of the nerve arrests the rhythm of both sphincters. 


Exp. 2. Cat; spinal cord previously divided, compression of aorta increased 
the rhythmic movements of sphincter ani and then paralyzed it. When 
section of the cord was made between the 4th and 5th, and 5th and 6th 
lumbar vertebre, the rhythmical movements still continued as regards the 
sphincters, When, however, the section was made between the 6th and 7th 
lumbar vertebre all rhythm of the sphincters ceased, nor could reflex move- 
ments be excited in them. 


Exp. 3. Dog; cord divided on previous day in the lower end of the dorsal 
region, rhythmical movements of the sphincter ani numbered about 20 to 25 
per minute, irritation of rectum by a probe increased them. Irritation of 
central end of sciatic arrested the rhythm at once, and when irritation ceased 
_ the sphincter ani immediately contracted consi derably, commencing a series 
of strong rhythmical contractions. 


Exp. 4. Cat; cord divided at lower end of dorsal region in the morning, 
in the afternoon "rhythmical movements of the sphincter ani and sphincter 
vagins nearly simultaneous, beginning with the sphincter ani. The sphincter 
vaginse however had movements independent of the sphincter ani: mechanical 
irritation with a probe of either the rectum or vagina caused a rhythmic 
flexion and extension of one posterior limb many, although sometimes both 
participated. 

Exp. 5. Cat; cord nai divided in the dorsal region; cord divided at 
the 6th lumbar vertebra, when all rhythmic and reflex movements ceased in 
both anal and vaginal sphincters. A wire was thrust into the cord at each 
section so as to destroy it just above the point of section. 


Exp. 6. Cat; cord divided between 3rd and 4th lumbar vertebre, when 
the rhythmical movements of the sphincter ani could be seen. Section was 
made between the 5th and 6th lumbar vertebra, and still the movements 
continued. When, after a rest of a few hours, section was made between 
the 6th and 7th lumbar vertebre all reflex and rhythmical movements of the 
sphincters ceased. 

Exp. 7. Cat; cord divided between 5th and 6th lumbar vertebre in the 
morning, in the evening the rhythmic movements of the sphincter ani and 
sphincter vaginz were quite active. The cord was bared by a small trephine, _ 
and divided between the 6th and 7th lumbar vertebre, when both the sphinc- 
ters were paralyzed. 


Exp. 8. Cat; cannula bound in ureter and connected with pressure-bottle 
to fill the bladder; section of spinal cord between 4th and 5th lumbar vertebre. 
When pressure by a column of water was made on the mucous membrane of 
the bladder, the sphincter vaginz was set into rhythmical movement. | 


Exp. 9. Cat; spinal cord divided between the 5th and 6th lumbar verte- 
bre, when a wire was thrust down destroying the ano-spinal centre. Next 
day the sphincter ani had gradually drawn itself loosely together, but had no 
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tone whatever. Neither tonus nor rhythmical movements could be excited up 
to the death of the animal on the third day. 


Exp. 10. Small cat; spinal cord divided between the 5th and 6th lumbar 
vertebre, and then ano-spinal centre destroyed. During the course of 24 
hours the sphincter ani drew itself slowly and loosely together. The animal 
was preserved for nine days, but neither rhythmic movements nor tonus 


IV. Genito-Urinary Functions. © 


_ Whether a sphincter vesice truly and specifically exists has been 
considerably debated and studied. When I use the word “sphincter 
vesice” I refer to a muscular mechanism assisting to close the bladder 
whether a true sphincter or not. That the nervous system has an 
influence over a sphincter vesice in this sense has been known for 
considerable time and experimented on by several observers. 

Budge’ studied the nerves which throw the bladder and annexes 
into activity. In dogs, according to him, there is a genito-spinal centre 
- about the 4th lumbar vertebra, which presides over the bladder and 
sexual organs. This lower genito-spinal centre is seated at a similar 
place in rabbits. He also has discovered a higher genito-spinal centre 
located in the pedunculus cerebri. | 

Giannuzzi’ repeated the experiments on the centre for the bladder, 
and found at the level of the 3rd and 5th lumbar vertebra, that con- 
traction of the bladder could be called out by irritating the spinal cord. 

Masius’ of Liege found that by dividing the cord between the Ist 
and 2nd, 2nd and 3rd, 4th and 5th, and between 5th and 6th lumbar 
vertebre that the rabbit retained his urine; but when the whole seg- 
ment of the cord below these points was destroyed the urine escaped in 
a continuous manner. When the cord was cut in the rabbit between 
the 6th and 7th lumbar vertebra the sphincter vesice was relaxed, 
although on the next day the bladder was filled and distended. In 
many rabbits he destroyed the cord at the inferior third of the 2nd 
lumbar vertebra, when the urine escaped, although the bladder was 
never entirely empty, this retention being due to the pressure on the 
urethra of fecal matters accumulating in the paralyzed rectum; when 
these were removed the urine escaped. If in dogs the cord was cut at 


1 Budge. Physiologie. 
*Giannuzzi. Journ. de la Physiol. 1863. 
> Bull. de V Acad. Royale de Belgique. 1868. 
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the 5th lumbar vertebra the bladder became distended; but when 


section was made below the point about the posterior border of the 
5th lumbar vertebra the urine flowed, although the bladder retained a 
considerable quantity. He also submitted the sphincter vesice to 


pressure of water through the ureter, and, as he thinks, found that 


the force of contraction of the urethra did not diminish in a very 
sensible manner till he destroyed in the rabbit the cord at the inferior — 
part of the 7th lumbar vertebra, and in dogs at the level of the hinder 
border of the 5th lumbar vertebra. 

Masius states that the genito-spinal centre of Budge presides over. 
the contractions of the bladder, and is not to be confounded with his 
centre, which governs the tonic and reflex contractions of the — 
sphincter and is seated below the ano-spinal centre. 

Kupressow’ has also located the centre for the bladder in rabbits 


‘between the 5th and 6th lumbar vertebra. He used pressure of water 


through the ureter to overcome the contraction of the bladder’s sphincter. 
Budge explains these results by the fact of the nerves of the bladder 


_ running up and ending in the cord at the 4th and 5th lumbar vertebra, 


so that when a section is made at the lower end:of the 5th lumbar 


vertebra the nerves of the bladder are cut. Budge also holds that the 


sphincter vesice in a strict sense does not exist. 
My experiments on this subject were made in three ways. First 
the cord was divided on the previous day, and then the vertebral column 


was trephined and sections made at various levels, and the point noted 


where the urine began to flow, always cutting from above downwards. 
The second method was to expose the bladder, bind a cannula into 
it at the ureter’s opening, and allow a current of warm water to 
run into it, and note the pressure, on a mercurial manometer attached 
by a side-tube, at which the water began to drop from the urethra. 
Then the cord was divided at different heights going from above down- 
ward, and the pressure (which had meanwhile been taken off by clamp- 
ing the tube and lowering the pressure-bottle) was turned on, and that 
necessary to overcome the sphincter again noted. The third plan was 
to bind the cannula into the urethra, instead of into the ureter, and 
note the pressure under which the water forced its way into the bladder. 
The animal was etherized in all the experiments. Before running the 
water into the bladder the abdominal muscles were divided by a crucial — 
incision so as to prevent any action on the bladder. I found no diffi- 
culty from the action of the detrusor. 

a Kupressow. Pfliiger’s Arch. Bd. v. 1872, p. 291. 
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By an examination of the experiments appended it is seen that the 
genito-spinal or rather the vesico-spinal centre is seated in the cat and 
rabbit between the 5th and 6th lumbar vertebre. This result is in — 
opposition to the results of Masius. The experiments of Budge and 
Giannuzzi simply determined the nerves which, when irritated, call 
the detrusor into activity and thus overcome the sphincter. The ex- 
_ periments of Kupressow are in full accord with those made by me. 
_ The inquiry arises here how to explain the experiments of Masius. 
In my experiments where I destroyed the spinal cord below and above 
the 7th lumbar vertebra for some distance, I saw, as Masius did, that 
part of the urine was retained, by reason of the elasticity of the sphincter 
itself, When he destroyed the cord above this point, and saw the urine 
flow upon the destruction of his vesico-spinal centre, then he assumed he 
had destroyed the centre. But has not the urine been previously re- 
tained by the simple elasticity of the sphincter? It is known that 
nerves coming through the sacral call the bladder into activity when 
irritated, which fact I have several times verified; and probably Masius, 
after destruction of the cord above when no urine flowed, caused its sub- 
sequent flow by calling these fibres into activity, and thus emptied the 
bladder. This I believe to be the correct conclusion to be drawn from 
his facts, and not that the genito-spinal centre is seated there. In an 
experiment of Masius on a dog, the pressure required to overcome the 
sphincter after section between the 5th and 6th lumbar vertebre fell 
from 65 centimetres (water) to 20 centimetres, and after death was only 
20 centimetres. His pressure-experiments on rabbits are not. so conclu- 
sive as those of Kupressow nor so many. They are not so conclusive 
because the section of the cord appears to have reduced the necessary 
pressure greatly by shock, and this pressure too nearly approximates 
to that due to the elasticity of the sphincter itself to draw inferences. 


The following protocols give the details of some of my experiments. — 


Exp. 1. Small cat; spinal cord divided in dorsal region two days before. 
The pressure is in millimetres of mercury. | 


Before section pressure necessary to force water through urethra 


Section between 4th and 5th lumbar 
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Exp. 2, Very strong male rabbit. — | 
Before section Of COrd: 50 mm, 
Section between 5th and 6th lumbar vertebrae .................. 30 ,, 
After death 


Exp. 3. Cat; cord divided farther forward on previous day; when sec- 
tion of cord was made between 4th and 5th lumbar vertebre no flow of urine 
followed. When, however, the section was made between pe 5th and 6th 
lumbar vertebre the urine began to flow. 


- Exp. 4, Cat; cord divided in dorsal region on previous day; when cord 
was divided at the 6th lumbar vertebra the urine flowed, no flow on previous 
section above that point, 


1 
| Exp. 5. Male rabbit; cannula bound in urethra, and er made till 
4g the bladder began to fill with warm water. 
Section between 3rd and 4th lumbar vertebree................ ae. 
Section between 5th and 6th ___,, 
Exp. 6. Male rabbit; same method as in preceding — 
Before section of cord 30 mm. 
Section between 3rd and 4th 
Section between 5th and Gth 
Exp. 7. Small cat; cannula in the ureter. | 
Before section of cord pressure necessary .....,..........+. tras 40 mm, 
After section of cord between 3rd and 4th lumbar cade eaciiil ae 
After section of cord between 5th and 6th lumbar ............ 20 
Exp. 8, Cat; cord bared by trephine, cannula bound into the ureter. 
After section between 4th and 5th lumbar ..................... 40 ,, 
After section between 5th and 24 


Exp. 9. Cat; cord divided between 6th and 7th lumbar, and wire thrast 
down so as to destroy the cord below; the bladder was filled next day. 


Exp. 10. Cat; cord divided between 6th and 7th lumbar vertebre, and 
wire thrust down 80 as to destroy the cord i next day the bladder was 
full of urine. 
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V. Path of Secretory and Inhibitory Fibres. 


The experiments of Dittmar, Mischer, Nawrocki, and Woro- 
schiloff have demonstrated that in rabbits the motor, sensory, and 
vaso-motor tracts run in the lateral columns. The course of the 
vaso-motor path can be proved by taking cats with unpigmented feet 
and then making a section of the lateral columns, when the posterior 
extremities will become more red than the anterior, In another section — 
I have shown that the spinal cord contains nerve-centres which preside 
over the secretion of sweat. Now these centres are connected together 
by fibres running down the cord, just as the motor-centres are linked 
together. To find out the path of these commissural fibres, it is 
- necessary to make incomplete sections of the cord. Method: Cats with 
- unpigmented feet were selected, etherised and the various columns of 
the cord divided in the dorsal region usually between the 6th and 7th 
dorsal vertebre. I divided the cord here because it has been shown 
by my previous researches that sweat-fibres run through the three 
last dorsal nerves into the abdominal sympathetics. Hence any section 
below this point would not include all these fibres. The bony vertebral 
canal was opened by a trephine and cutting forceps, the bleeding 
being checked by styptic cotton and sometimes artificial respiration. 
Then the instrument of Woroschiloff was fastened on the bony 
vertebra, and the cutting knives placed by the aid of a magnifying 
glass over the columns to be divided, The spinal dura mater was 
- next carefully divided, the knife driven through the cord and the 
section then made. After the section the instrument was removed, 
and the wound immediately sewed up. The animal was placed in 
a warm place and left to recover from the anesthetic. At the end 
of five hours it was bound down, the medulla oblongata was divided 
just below the point of the calamus scriptorius, and irritated by 
an induction-current derived from a du Bois apparatus run by a 
single Daniell cell. Artificial respiration was kept up before the 
section of the medulla to diminish bleeding and afterwards to preserve 
the life of the animal. The effects of the irritation of the medulla 
were noted. At the close of the experiment, the bony canal with 
the cord in situ was exsected for some distance above and below the 
point of section, placed in alcohol for twenty-four hours, and then 
transferred to a two per cent. solution of bichromate of ammonia. 
The cord after being hardened was imbedded in paraffin in a Zeiss 
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microtome; and sections were made about the point of previous division. 
The part of the cord showing the most extensive division was placed 

in carbolic acid and turpentine, and mounted in Canada balsam. 
When a hemisection of the cord was made it was found that irritation 
___.. of the medulla caused sweating in the foot opposite the side of section. 
Pl. IIL.’ Fig. 1 represents the hemisection. This conflicts with the 


region and then irritated the medulla, obtaining sweat in both ex- 
tremities. His experiment would not exclude a transmission of 
impulses to the sweat glands by their fibres running in the abdominal 


both extremities, as Woroschiloff has found that irritation of the 
medulla after a hemisection or more than a hemisection caused move- 
i ments in the post-extremities. If the posterior columns are divided, 
| as in Pl. III. Fig. 2, then sweat appears in both extremities as usual. 
If the anterior columns with a part of the lateral are divided (Fig. 3) 
and the medulla irritated, still sweat appears in both hind feet, If 


part on the opposite side (Fig. 4), then sweat will appear on the side 
where the lateral columns are not so much cut away, whilst none will 
be seen on the side of the extensive section. | 

If the gray matter is quite extensively divided (Fig. 5), still sweat 
ensues in both posterior extremities as though nothing had happened 


through them, as in Fig. 6, not completely dividing them in their 
transverse diameter, no sweat will be seen to take place, The fact of 
sweat appearing only on the side opposite section would seem to 
demonstrate that the sweat-fibres do not decussate in the case of the 
animal operated on. These experiments demonstrate that the secretory 
fibres connecting the sweat-centres together run in the lateral columns 
‘of the cord, at least in the dorsal region of the cord about the 6th and 
7th dorsal vertebree. 


InuiprrorY Fisres. In another paper it has been shown that 
when the spinal cord is divided the sphincters of the anus and vagina 
set up a rhythmic movement. These movements are dependent on 
an ano-spinal and vagino-spinal centre seated in the spinal cord 
between the 6th and 7th lumbar vertebre in the case of the cat. So 
when it is destroyed and the animal lives several days the sphincters 
‘remain perfectly quiescent, unlike the circular muscles in the arteries 


statement of Adamkiewics, but he made a section in the lumbar - 


sympathetics. Neither would it be surprising to find sweat appear in 


a great part of the lateral column on one side is divided and a smaller 


to the cord. If now the lateral columns are divided by a section: 
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which take on a rhythmic contraction and dilatation after division 
of their nerves. To discover the path of the impulses which inhibit the 
rhythmic action of the sphincters, the method employed was the same 
as that used in tracing the path of the secretory fibres. The sections . 
were made between the 6th and 7th dorsal vertebrae. After the operation 
the animal was allowed to rest several hours, when the cord was ex- 
-sected as in studying the path of the sweat-fibres. When a hemi- 
section of the cord was made, Fig. 1, no rhythm was set up. If the 
posterior columns are divided, Fig. 2, no rhythm is seen. If the 
anterior columns are divided, Fig. 3, no rhythm appears, If the lateral 
columns are divided, as in Fig. 4, no rhythm is seen. If however both — 
lateral columns are divided, as in Fig. 6, then a rhythm is set up in a 
complete manner. The rhythm does not appear when the gray matter 
is divided, Fig. 5, but if now the cord is divided completely in the 
cervical region the rhythm appears. To determine the source of 
these inhibitory fibres in the cat’s brain, I trephined from before 
backwards, and by a small spear-shaped knife made transverse sec- 
tions through the brain. When a cut was made in the corpora 
striata dividing them on both sides in a transverse direction, the 
rhythm did not appear. If however a cut was made just between the 
corpora quadrigemina and the thalami optici down through the crura 
cerebri, then the rhythm came on, If the cerebrum be broken up 
the rhythm fails to appear. If a cut is made through the corpora 
quadrigemina and pons on the line just between the nates and testes, 
then the rhythm appears. These facts leave no doubt but that the 
thalami optici contain in part at least the centres of the inhibitory 
apparatus presiding over the ano-spinal and vagino-spinal centres. 
That additional co-operative centres do not exist in the corpora quadri- 
gemina I am not prepared to state. : 
The sections figured represent but a small ‘namber of the experi- 
ments I have made on the subject. 
3 The figures are considerably enlarged, being drawn from sections 
magnified by a glass, 
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THE FORM OF THE PULSE-WAVE. As studied in 
the Carotid of the Rabbit. By CHARLES 8. ROY, M.D. 
(Plate IV.) | 


(From Observations made in the Strassburg Physiological Institute.) 


THE investigations, the results of which are recorded in the following 
pages, form part of a more extended series of researches on the subject 
of the pulse, which will shortly be published. I have to acknowledge | 
with gratitude the material help which has been afforded me in 
making these inquiries by the British Medical Association, which has 
assisted me with a grant in defraying the cost of the instruments ne- 
cessary for such work. © 


Methods employed. 


_ The instruments used for studying by the graphic method the form 
of the pulse-wave, and the variations to which it is liable, may be 
divided into two classes, viz. those for use with the opened, and those 
for the unopened artery. The former kind includes the various kymo- 
graphs, recording manometers, and pulse recorders (Blut- u. Puls- 
wellen-zeichners), while the latter class comprises the different forms 
of sphygmographs,. | 

As there has been no little discrepancy in ‘the rowulte obtained by 
these two kinds of instruments, I have been led to undertake a series 
of observations on the subject in the hope of obtaining further informa- 
tion, using a method which admits of the tracings taken from the un- - 
opened artery being rigorously compared with those obtained from 
the opened vessel, 


(a) Method used with unopened Artery. 


The instrument employed is represented in the accompanying 
woodcuts, and it may for convenience sake be referred to as the 
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sphygmotonometer’ , a name which has been suggested to me as ex- 
pressing the object ail which it was ‘constructed. 


| 


In Fig. 1 is represented in section the arrangement used when 
it was desired to obtain tracings from the unopened artery. In principle 
this instrument resembles that used by Poiseuille for measuring the 
diastolic expansion of the carotid of the horse, the artery in both 
being contained within a box with unyielding walls and filled with 
fluid. In detail, however, it differs much from Poiseuille’s in- 
strument, 

As can be seen in Fig. 1 the box is, in this instrument, represented 
by a brass tube (¢), into which the artery (w), after having been tied and 
cut, is drawn, being afterwards kept in position by a thread fastened to 
the small eyelet (y). In many experiments a form of box was used 
which did not require that the artery should be severed, but in the © 
present communication we prefer to consider only the results obtained 
by the method figured in the woodcut. | 


1 The Instrument is made and may be obtained from Mr Robert Fulcher, 18, Panton 
Street, Cambridge. 
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The aperture of the tube at which the artery enters is closed 
without pressure on. the blood-vessel by means of a membranous_ 
valve (z). This latter has usually been manufactured from the in- 
testine of the. water frog (R. esculenta), larger or smaller specimens 
being sacrificed for this purpose, according to the size of the artery 
from which the tracings were desired. 

The intestine is washed out with water and the epithelium in great 
part removed by rubbing it between the fingers, After being dis- 
tended with air and dried, it is ready for being attached to the in- 
strument. A portion, an inch or so in length, is tied on the end of 
the brass tube (t), (this of course is done before the artery is intro- 
duced), where there is a groove (v) for the purpose. By means of 
a thread attached to the margin of its free extremity, the piece of 
intestine, which has been previously moistened with diluted glycerine, 
is then drawn inside the brass tube, being of course turned inside out 
in the process. The thread (a’), which is fastened to the eyelet (zx), 
keeps the valve from slipping out of the tube. After the intestine 
has been thus arranged the central end of the carotid is drawn into the 
tube and secured as shewn in the woodcut. The cavity of the tube 
_ having been filled up with warm olive oil, it is then connected with the 
other part of the instrument. 

This method of closing the aperture of the box was , found to work 
well in practice; a somewhat more complicated arrangement was used — 
at first in order to insure that the elasticity of the valve should not 
influence the form of the tracing obtained, but that above described was 
afterwards found to answer equally well. With it the pressure within 
the tube and outside the artery can be kept at any desired height for 
hours without a drop of the oil escaping by the side of the blood-vessel, 
As several sizes of tubes were used, it was always easy to find one whose 
apérture fitted the artery to be examined, and thus but little play was 
given to the elasticity of the valve. 

In preparing the carotid for introduction into the tube, it is sepa- 
rated carefully and rapidly from the surrounding tissues, and, the 
small laryngeal branch having been tied and cut, it is secured high up 
in the neck with two ligatures, between which it is severed. 

The rest of the apparatus consists of two separate arrangements, 
one for varying the pressure within the instrument, and which is shut 
off when tracings are being taken, and another for communicating 


the expansions of the artery to a recording lever, which writes on the 
blackened surface of a revolving cylinder. 
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The first-mentioned part is represented in Fig. 3 (reduced in size). 
It consists of a mercurial manometer, connected by a T tube on the one 
hand with the interior of the instrument proper (Fig. 1), and on the 
other hand with a compressor. This latter is formed of two brass plates 
(n), hinged together at one end, and capable of being pressed together 
by means of a screw (s). Between these plates is a caoutchouc bulb 
filled with oil. A small glass bulb placed between the T tube and the 
manometer, and filled with air, serves to prevent the oil entering the 
latter. An india-rubber tube passes from (0) to the tube (h), Fig. 1, 
with the stop-cock. There are two tubes with stop-cocks entering the 
instrument, only one of which (h) is shewn. The other is intended to 
permit of the air within the tube (a) being carefully replaced by oil. 

That part of the tonometer which conveys to the lever the changes 
in the cubic capacity of the artery contained in the box is represented 
in Figs. 1 and 2 (natural size). The thin flexible membrane (c) closes 
the upper outlet of the tube (a), and upon the membrane rests a 
light aluminium piston (d), the movements of which are magnified 
by the recording lever. The piston and lever are connected together 
by the fine steel needle (/), which acts as a piston-rod, while the guide 
(e) keeps the piston nearly in the centre of the cylinder in which it 
- oscillates, preventing it thus from rubbing agfinst the sides of the 
latter, and reducing the friction to a minimflm, The membrane used 
is a thin animal membrane, prepared fromthe peritoneum of the calf, 
and which must be kept moist with glfcerine. Reference has already 
been made to it in a paper which appeared ina previous number of — 
this Journal’, in connection with another instrument. 
Its chief characteristic is its extreme flexibility, while it is suf- 

ficiently inelastic to fulfil the part required from it for this instrument. 

As the external diameter of the hollow piston is only 15 mm. less 
than the internal diameter of the cylinder in which it moves, the elas- 
ticity of the membrane can come but little into play. 

As is shewn in the woodcuts 1 and 2, the membrane is arranged in 
- such a way that while it closes the tube(q@) it does not interfere with | 
the movements of the piston, unless the latter rise too high or sink too 
— low, limits which, of course, are not reached in taking the tracings, the 
lever being kept as nearly horizontal as possible. The short tube (J), 
which prevents the expansion of the membrane in any direction except 
upward, is screwed on after the membrane has been tied in the groove 
cut for the purpose at the end of the tube (a). 

| 1 Journal of Physiology, Vol. 1. p. 454. 
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It is evident that, if the lever and piston are to be kept nearly in 
the position they: occupy in the woodcuts, some means require to be 
taken to counterbalance the hydrostatic pressure within the instrument, 
which, as we have seen, may be raised or lowered at pleasure by means 
of the compressor (Fig. 3). In some of the instruments which have 
been employed the piston was pressed down by a light spiral steel 
spring, which could be tightened by a screw, the. arrangement being © 
such that a stronger or weaker spring could readily be substituted, 
according to the amount of movement which was to be permitted to 
the piston. Caoutchouc threads as springs were however found to 
be an improvement upon the steel ones, and the arrangement shewn in 
Fig. 2 was found the most convenient. 


Fig.2 


The two caoutchouc threads (m, m') attached above to the steel 
wire (n) which forms the axle of the junction of the needle (f) and 
the recording lever, can be tightened or slackened by turning the little 
pulleys (k, k’), round which they pass, and which are moved by the 
milled head (7). The pulleys retain any position given to them, in the 
same way as the pins for tightening fiddle-strings, that part of their 
axle which fits in the bush being of brass like the latter. 

The chief advantage of the india-rubber springs, besides that of 
lightness, is that they can be made stronger or weaker with little 
trouble. By using four, six, eight, or more fine threads instead of two, 
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or by using two thicker ones, the movement of the piston which will 
result from a given rise of pressure within the instrument can be regu- 
lated at will. 

When the instrument is arranged as in Fig. 1, and the tubes (t) and 
(a) filled with oil, the pressure which acts upon the exterior of the © 
artery can be regulated as desired, and tracings may be obtained with 
an extra-arterial pressure of 5, 10, 20, 30, or more millimeters of mer- 
- cury, while the movements of the piston and lever can be regulated as 
is thought fit by changing the strength of the india-rubber springs, 
and by varying the distance which separates the sliding coupling of the 
lever from its fulcrum. 

It need scarcely be added, that, with the unopened artery, the 
springs had best have but little resistance, in order that the extra- 
arterial pressure may not be too much changed when the artery is 
distended by the pulse-wave. 


(b) Method used with Opened Artery. 


Instead of enclosing the blood-vessel in a box with unyielding walls, 
a short, wide, leaden tube and a cannula, tied in the artery, form the 
means of communication between the blood and the interior of the 
instrument. This latter, as well as the caoutchouc bulb of the com- 
pressor, is filled with bicarbonate of soda solution of the orthodox 
strength. Care was taken to use as wide a cannula as could be intro- 
duced into the artery. The pressure within the instrument, as.is usual 
in kymographic work, is raised to the supposed medium blood-pressure 
before the communication with blood is opened. 

Although, with this instrument, it is easy to obtain tracings of any 
desired height (some were taken in which each pulse-wave raised the 
lever-point four inches), yet a spring of such strength was usually chosen 
as allowed only a slight movement of the piston, in order to admit of 
more absolute comparison of the tracings with those obtained from the 
unopened artery. 


Pulse-curve from the Opened Carotid. | 


The tracings 1 and 2, Plate IV., which, like all the others given, 
must be read from right to left, shew the usual form of the curve 
obtained from the carotid of the Rabbit. They are both from the same 
animal, the one being taken a few minutes after the other, and differ 
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only in this that the movement of the cylinder was more rapid with 
the second than with the first. The two lines running parallel with 
the abscissa in Fig. 1, and marked 128 and 138, give the positions of 
the lever-point when the pressure within the instrument was 128 and 
138 mm. of mercury respectively. | 

These pressure lines are obtained in the following manner. After 
the cylinder has made a revolution the communication with the in-. 
terior of the blood-vessel is closed for a moment, and the stop-cock (h) 
having been opened, the pressure within the tonometer is raised or 
lowered by the compressor until the lever-point stands at the height 
desired. The cylinder is then turned by the hand and a horizontal line 
thus drawn on its surface. The pressure having then been read off on 
the manometer is written on the cylinder close to the line. As many 
of these pressure lines as is desired may be drawn through the tracing, 
enabling us to tell what was the absolute blood-pressure at any particu- 
lar height of the curve. 

In tracing 1 the pulse and ‘iadnions curves can be readily recog- 
nized, and the j increase in the height of the pulse-curve and the tempo- 
rary arrest of the respiration, which are so readily induced by various 
exciting causes, are illustrated by that part of the tracing to the left of 
the point (s) at which the mucous membrane of the respiratory passages 
was stimulated by weak sulphur fumes, 

Tracing 2 is better fitted to shew what is the form of the pulse- 
wave, with which we are more immediately concerned in the present 
paper. T'rom it, as well as from the first tracing, it can be seen that 
the pulse-wave causes a simple rise and fall of the lever, without any 
trace of dicrotism or polycrotism. And this absence of secondary waves 
has been found constant in the carotid pulse of the rabbit under normal 
conditions and with the opened artery. The blood-pressure with each 
pulse-wave rises more rapidly than it falls, and different tracings differ 
from one another considerably in so far as the sharpness of the apex of 
the curve is concerned, in the strength of the wave, &c., but dicrotism 
is invariably absent. 

That the absence of those secondary waves, whose existence has 
been pretty generally accepted on the strength of the curves obtained 
by Marey’s sphygmograph, is not due to any fault in the instrument 
or method we employed, is sufficiently proved by the fact that under 
certain abnormal conditions a dicrotic wave appears in tracings taken 
from the opened artery. Tracing 3 is intended to illustrate this fact. 
It was taken from a rabbit, the blood-pressure of which had been very 
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considerably- lowered by repeated venesection. “Another proof that the 
absence of dicrotism cannot be ascribed to any fault in the instrument, 
will be found in the fact that with the same instrument and with almost 
similar conditions, except that the artery is unopened, very marked 
dicrotism or tricrotism is encountered. 
lt has been stated that the blood-pressure of the animal from which 

tracing 8 was obtained had been lowered by blood-letting. It should 
be added that any considerable reduction of the medium blood-pressure 
from whatever cause leads to the appearance of a dicrotic pulse-wave. 

_ It may be surmised that the reason why a secondary wave does not 
appear when the blood-pressure is normal might be sought in the fact 
that with the comparatively powerful pulse-beat of a healthy animal 
more blood would require to enter and leave the instrument with each 
wave than would be the case with the weak pulse which usually accom- 
panies any considerable fall of the blood-pressure, For it need scarcely 
be said that a comparatively narrow passage, such as the entrance of 
_ the cannula, is unsuited for the transmission of rapid changes of pressure 
if the resistance of the spring be so slight as to allow of much fluid 
passing through it with each pulse-wave. This possible cause of error 
was however excluded by using springs of considerable strength, so as to 
reduce sufficiently the movements of the piston. : 


Form of the Pulse-curve from the Unopened Artery. 


With the sphygmotonometer arranged as in the woodcut, Fig. 1, 
its cavity being filled with warm olive oil, and the artery unopened, 
we obtain a very different form of pulse-curve from that taken from 
the opened artery. The tracings 4, 5,6, and 7 may serve to illustrate 
the curve given by the unopened blood-vessel. The figures annexed 
to these refer to the pressure within the instrument but outside the 
blood-vessel. As a relatively weak spring was used in most of these 
experiments the extra-arterial pressure rose but little with the diastole 
of the artery. 

As might have been anticipated, the height of the extra-arterial 
pressure exercises a very important influence on the tracings taken 
with this method, and the action of this factor may be first referred to. 
It is illustrated by the four curves of tracing 4, which were taken with 
an extra-arterial pressure of 10, 20, 40, and 50 mm. of mercury 
respectively. It can be seen that the form of the curve remains 
practically the same with the different pressures, in so far as the 
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notches on the descending line are concerned, these being repeated in 
all, and that the chief difference is as to the height of the individual 
pulse-waves. ‘These become higher as the pressure on the outside. 
of the artery is raised, and this is the case until the pressure has 
reached a certain height. 


It is not intended here to refer to the degree to which a given portion of 
artery expands on a given rise of the blood-pressure, nor to enter into details 
as to the influence of different extra-arteria]l pressures on the degree to which 
the blood-vessel distends with each pulse-wave. 

These points, which are of considerable importance from the light which 
they throw on the elasticity of the arterial wall in the living condition, 
we prefer, as they have no immediate bearing on our subject, to treat of | 
on another occasion. | 


It has been said that the height of the primary wave rises with the 

extra-arterial pressure until this has reached a certain height, and it is 
the same with the notches on the descending line of the curve. These 
become at first accentuated, as the pressure on the artery is raised, as is 
shewn in tracing 4; but as that pressure approaches the minimum 
blood-pressure the notches become more and more indistinct. 
_ With an extra-arterial pressure about 20 mm. below that of the 
blood (medium pressure), the notches have usually disappeared almost 
entirely, and the tracing comes to resemble more and more that which 
has been described as taken from the opened artery. The tracings 
taken with a high extra-arterial pressure resemble so closely those 
obtained from the opened artery, that it is unnecessary to illustrate 
them by a special figure. | 

After the extra-arterial has been raised. as high as the minimum 
blood-pressure, 7.e. after it has reached the pressure which exists at 
the lowest part of those pulse-waves which occupy the valleys of the 
respiratory waves, any increase of the pressure in the instrument 
results in the lower part of the tracing being left out. When, for 
example, the pressure outside the artery is nearly as high as the 
maximum blood-pressure, only the apices of those pulse-waves situated 
at the highest part of the respiratory curves are seen, the lever-point 
describing a straight horizontal line in the intervals, 

On the maximum blood-pressure being surpassed, of course no 
blood can enter that part of the artery contained within the box, and 
the blood-vessel remains collapsed, and the lever at rest. 

With this method we have, thus, a means of learning the height of 
the blood-pressure with accuracy, without opening any artery. I have 
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found it useful for various kinds of observations, and, as the blood does 
not coagulate within the artery for many hours, there is no necessity for _ 
interrupting the experiment, such as occurs with the usual kymograph 
when the cannula becomes blocked by a clot. 

The indentations on the descending line are ssi most accentu- 
ated with a pressure somewhere between 25 and 50 mm. (mercury), the 
exact height varying with the medium blood-pressure of the animal 
from which the tracings are taken. They resemble, as can be seen © 
from the figures, those to which we are accustomed from the tracings 
obtained by Marey’s sphygmograph. 

One of them, tracing 7, copies very faithfully the normal tracing 
from the human radial, tracing 8, which was taken by an instrument 
constructed on the same principle as that described in the foregoing 
pages. Tracings 4 and 5 shew varieties of curves which are often met 
_ with in sphygmographic tracings. In tracing 5 an anacrotic curve is 
given, such as is not infrequently obtained from the rabbit's carotid. 
The most frequently encountered curves are those illustrated by tracings 
4,5 and 7. In tracing 7 is shewn the effect of electric stimulation of 
the peripheral end of the cut vagus on the form of the curve, the small 
elevation immediately before the arrival of the pulse-wave with the 
slowed rhythm being especially noteworthy. 

After having verified by oft-repeated experiment the facts noted in 
the foregoing pages, several points naturally presented themselves for 
elucidation, and these may be stated categorically as follows : 


a. Why no indentations are found in tracings from the opened 
artery with a normal blood-pressure, while they are constantly present | 
in those taken from the unopened artery. 


b. Why the indentations seen in tracings from the unopened 
artery disappear, when the extra-arterial pressure is raised nearly as 
high as the minimum blood-pressure. 


c. Why with the opened artery a dicrotic wave should appear 
with a reduced blood-pressure, while it is absent when the pressure 
is normal. . 

‘These may be considered seriatim. 

(a) Presence of indentations in the pulse-curve with 
one method while they are absent with the other method. 

If we accept the facts recorded in the preceding pages, which, as has 
been said, were verified by oft-repeated experiments, and which, more- 
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over, are not opposed to what is at present known on the form of the 
pulse-wave, we have only one explanation open, viz. to regard the 
arterial wall as the element which leads to the appearance of the 
characteristic indentations in the pulse-curve obtained from the un- 
opened artery, and to reject completely the theories which would ascribe 
these to reflected, opening and closing waves, &c, &e., or in fact, to 
secondary waves at all of whatever origin. 

None of the tracings which we have obtained from the opened 
artery with a normal blood-pressure shew the slightest trace of 
_ secondary waves superposed on the primary or pulse-wave, although 
the sphygmotonometer, as we have attempted: to prove, is quite delicate 
enough to record them, did they really exist. The tracings coincide, 
in so = as this is concerned, with the tracing from the dog which has 
been published by Fick, and upon which, from the fact of ‘the absence 
in it.of dicrotism or polycrotism, suspicion has been cast. 


It is impossible to overlook the fact that the data, upon which the more 
generally received views as to the origin of these undulations in sphygmographic 
_ curves have been founded, are far frompsatisfactory, There have been no 
observations made on the form of the pulse-wave in the opened artery with 
an instrument comparable in point of delicacy with the sphygmograph, 
those. instruments which have been employed for the purpose having been 
constructed mainly with a view to their serving as kymographs, and being 
endowed on that account with too great a resistance to permit of their acting 
as reliable pulse-recorders. For this reason it is, from experiments made on 
an artificial circulation of some kind or another, that the facts necessary 
to found a coherent theory on the cause of the peculiar form of the pulse- 
curve have been drawn. The large majority of experiments with the schema 
are however vitiated by the fact that nature is imitated but imperfectly. 
The recording instruments employed in these kinds of experiments are often 
caiculated to introduce further error from being unfitted for such work, and 
the results obtained have been, it need scarcely be added, sufficiently con- 
tradictory. Observations on the schema have doubtless assisted in clearing 
up many points connected with the circulation, but they seem scarcely fitted 
to elucidate the more delicate questions connected with the form of the 

ulse-curve. It is scarcely possible without considerable exercise of the 
imagination to explain with their help the cause of the various forms of 
pulse-curve which are encountered in sphygmographic tracings. It need, 
therefore, cause little astonishment that many physiologists have refused to 
allow themselves to be convinced as to the cause of the peculiar forms of 
the sphygmographic pulse-curve, and, in the midst of much yeni evi- 
dence, have preferred to consider the question as still sub gudice, 


It has been said that the pulse-curve from the opened artery 
presents in normal circumstances no trace of reflected ‘waves. This, 
it must be remembered, is only what we ought to expect @ priort. 
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The existence of such waves would be a proof that the walls of the 
aorta and arteries are not sufficiently elastic to prevent a useless 
expenditure of force in friction. Judging from what we know of. the 
high perfection of the circulatory system in other particulars, we 
have little reason to look for such an imperfection in this respect. 

If, then, it is to the arterial wall alone that we must look for the 
cause of these undulations of the pulse-curve, the further question 
arises whether, in producing them, the wall of the artery plays a 
passive or an active réle—whether, in other words, they are due 
to the elasticity of the wall or to an active contraction of its mus- 
cular coat. 

The former view, which has been advocated by some, it is ssagucly 
possible to accept. The indentations vary greatly in the different 


_ varieties of pulse-curve, but in no case are they such as we could 


imagine would be produced by elasticity-vibrations of the arterial 
wall. Those curves which are figured in Plate IV., as well as those 
obtained by Marey’s sphygmograph, shew definite varieties of form, 
such as could scarcely be explained by the vibration of a passive elastic 
tube, whose internal pressure simply rose and fell. It would, for 
example, be extremely difficult on such a supposition to explain the 
occurrence of an anacrotic pulse-curve, like tracing 6, which resembles 
those not infrequently encountered in sphygmographic tracings from 
the human radial... Moreover, it would be easy to shew that a mem- 
brane, such as constitutes the rabbit’s carotid, is incapable of vi- 
brating with a rhythm fit to cause such secondary curves as those 
in question, 

If, however, we assume that the srtaacial wall is able, in virtue of its 
muscular coat, to contract actively behind each pulse-wave, the difficul- 
ties which beset the subject become remarkably simplified. This view, 
which is not without advocates at the present day, was held by many 
during the earlier decades of the present century, and numbered among 
its. active supporters such names as Hope, Thomson, Poiseuille, 
C. Bell, &c. In more recent times it has been pretty generally rejected, 


- more, however, from the absence of proofs to support it, than from any 


evidence to the contrary which has been advanced. Against the assump- 
tion that the arteries have the power of vermicular contraction behind 
each pulse-wave and of pushing the latter on, so to speak, towards 
the periphery, in addition to the power of tonic contraction which they 
are generally admitted to possess, various objections might be urged. 
The most important of these, perhaps, is, that what we know of the 
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properties of smooth muscular fibres in other organs leads to the belief 


that this tissue is endowed only with the power of slow contrac- 


tion. This must not however be allowed to carry too much weight, 


- seeing that, in the other organs where they occur, a rapid contraction 


of the unstriped muscular fibres is: not required and that too little is 
known as to the properties of unstriped muscular tissue to permit of 
our drawing any definite limits as to its capabilities. 

The example of the red and pale striped muscles (e.g. of the rabbit) 
teaches us that muscular fibres, resembling one another closely in struc- 
ture, may present very considerable difference as to their vital proper- 
ties, All things considered, it is difficult to avoid feeling that if we 
accept the view that the arterial wall is capable of a vermicular con- 
traction enabling it to assist actively in conveying the blood to the 
periphery, we have found the simplest, if not the only, means of 


_ explaining the results of the investigations which have been recorded 


in the preceding pages, as well as many otherwise inexplicable pheno- 
mena, both physiological and pathological, connected with the circulation. 


_ Looked at from this point of view, we can find a ready explanation 


of the different forms of pulse-curve from the unopened artery in a 
difference in the force of the arterial contraction or contractions accom- 
panying each pulse-wave, and in a difference in the relation which the 
active expansion and contraction of the artery bear to the apex of the 
pulse-wave. 

Tracing 7 may be briefly referred to in connection with this subject. 


_ It can be seen that in it there is a slight elevation, immediately before 


the arrival of the pulse-wave, on the descending line of the two curves 
which lie towards the left of the tracing. A small elevation of this 
kind might appear insignificant, were it not that it is frequently met 
with in like circumstances, i.e. in cases where the rhythm of the pulse 
is more or less suddenly slowed. I have met with a similar elevation. 
also, in sphygmographic tracings in cases of irregularity of the heart, in 
which, with every alternate beat, the left ventricle either did not 
contract, or contracted so feebly, that only one pulse-beat reached the 
radial for every two apex beats. In these circumstances, a slight eleva- 
tion on the tracing, immediately before the upstroke, is not infrequently 
met with. These elevations do not correspond to any active phase of 
the left ventricle, and can scarcely be due to reflected waves, since they 
bear no definite relation as to time with the preceding pulse-wave, 
They can most readily, it would seem, be explained by putting them 


down to an active change in the elasticity of the arterial wall, such as 
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has been said might best account for the form of the sphygmographic 
pulse-curve. 

Before leaving this part of our subject, it it is necessary to add that in 
accepting or rejecting the explanation offered above as to the cause of 
the difference in form of the pulse-wave obtained from the opened and 
from the unopened artery, the part of the arterial system of the rabbit 
from which the tracings were taken must not be left out of account, 
Since the structure of the wall of the aorta is not such as would lead 
us to ascribe to it the power of active contraction, we must assume 
_ that the form of the pulse-wave which enters the carotid will not . 
already have been modified by any contraction of the aortic wall. The 
carotid is thus favourably situated for studying the influence of the | 
muscular coat of the arteries on the form of the pulse-wave. It is 
different however with arteries situated nearer the periphery, for in 
them we should anticipate that the pulse-curve (obtained from the 
opened artery) would already have been changed by the vermicular 
contraction, if such really exist, of the more central-lying parts of the 
blood-vessel. On the other hand the muscular coat of the carotid of 

_ the rabbit is sufficiently developed to justify us in considering it capa- 
ble of causing such indentations as are present in the tracings obtained 
from the unopened vessel. | 

The bearing of tracings obtained by the “haemautographic” method 
of Landois* on this question would lead us into detailed discussion 
which would be unadvisable in a preliminary paper such as this. 


(b) Why, in tracings from the unopened artery, the inden- 
tations disappear when the extra-arterial pressure approaches 
the blood-pressure. 


The explanation of this is not difficult to find. Whether the undu- 
lations be due to elasticity-vibrations or to active contractions of the 
arterial wall, the latter must be distended in order that they may 
appear. With a high extra-arterial pressure the pulgg-wave cannot, 
and does not, distend the artery to its normal extent, the elastic tube 
oscillates passively in a half-contracted half-expanded condition. If we 
take the view that the undulations are due to active contraction, the 
stimulus of distension by the pulse-wave is here absent, sufficiently 
explaining the absence of contractions. If on the other hand we look 
upon the undulations as due to elasticity-vibrations, the same change in 


1 Landois, Pfliiger’s Arch., Band 1x. (1874) p. 71. 
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the degree of distension might explain their absence with a high. extra- 
arterial pressure. Their disappearance in the above conditions is only 
a further proof that they can in no case be looked upon as being due to 
reflected waves. | | 


(c) Why, in tracings from the opened artery, the pulse- 
curve becomes dicrotic when the blood-pressure sinks. 


With a reduced blood-pressure the pulse-curve is dicrotic in tracings 
both from the opened and the unopened artery. The tracings from the 
unopened artery in these circumstances resemble those sphygmographic 
curves which are obtained from the human radial in cases where the 
blood-pressure. is reduced from fever, loss of blood, &c. This form of 
dicrotism must not be confounded, as is too often done, with those 
undulations, more or less marked, which give to the pulse-curve in 
health its characteristic outline. The origin of these latter has already 
been considered. The dicrotism from reduction of the blood-pressure, 
as it is seen in tracings from the unopened artery, is characterized by 
the fact that it does not disappear when the extra-arterial pressure is 
raised nearly as high as the blood-pressure, shewing that it is really 
due to a secondary and most probably reflected wave. 


It would be difficult to shew in what way the conditions are more | 


favourable for the production of a reflected wave when the blood-pressure 


is reduced, if the elasticity-curve of the arterial and aortic wall given 


by Werthheim, Volkmann, &c. be accepted. According to these 
observers the elasticity-curve of the arterial wall (taking the expanding 


weights as the abscisse, and the resulting increase in length of the 


piece of artery wall experimented upon as the ordinates) is a hyperbola. 
In other words the aortic and arterial wall would become more elastic 
with a reduction in the blood-pressure. That a diminished elasticity 
modulus of the aortic and arterial wall would ceteris paribus be more 
fitted to produce a reflected wave, whether from the aortic valves or 
from the periphery, than a higher elasticity of these structures, it is 
impossible to admit. 


In a series of observations on the subject of the elasticity of the aortic | 


and arterial wall, made with the help of a new method, and one by which it 
is believed the various causes of error are fairly well avoided, I ‘arrived at 
very different results from those of previous workers on the subject. As 
these observations are not yet published, it is impossible to refer to them 
here, further than to state that they seem to afford a sufficient explanation of 
the appearance of a reflected wave when the pressure falls. 
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Under, ieee cinvemetences this point may well be left to be taken up 
again on a future occasion. 


CONCLUSION. 


It cannot be pretended that the facts recorded in the foregoing 
pages suffice, in themselves, to prove that the arterial wall is capable of 
a vermicular contraction such as would enable it to assist actively in 
conveying the blood to the periphery. All that is advanced is, that the 
assumption of such a power for the arterial wall is best fitted to explain 
the results arrived at in these investigations. Many facts which might 
have been adduced in support of this view have been omitted in the 
present paper, because they were drawn from observations made either 
by other methods or on other animals and which therefore could not 
be referred to without going into details somewhat foreign to the 
immediate subject. The question will be discussed more fully in a 
future communication. 
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PHARYNGEAL RESPIRATION. By G. M. GARLAND, MD., 
Assistant in Physiology, Harvard Medical School, Boston. (PI. V.) 


THE ordinary movements of the face and larynx, which accompany 
thoracic respiration, have long been familiar to physiologists, and are 
' described in text-books. I fail however to find any reference to certain 
pharyngeal movements which are also associated, in the dog at least, 
with thoracic respiration, and which were revealed to me by accident. 

In the course of some experiments in which a dog, etherized and 
_ breathing through a tracheal cannula, was under observation, it was 
noticed by our laboratory assistant, Mr Walker, that a current of air 
could be felt passing out of the nostrils at each respiration. A mirror 
held before the nose gave evidence of the same sort by showing two 
spots of moisture corresponding to the nostrils of the animal. As the 
division of the trachea had interrupted all direct connection between 
the lungs and the nostrils, it was evident that the currents observed 
must be caused by changes in the size of the air-passage lying above 
the vocal cords, and the object of this paper is to describe some experi- 
ments, undertaken by Prof. H. P. Bowditch and myself, to determine 
the nature of these accessory respiratory movements. 

Having etherized a dog, we cut through his trachea and anuaed 
the thoracic portion of the same with an ether sponge so that he could 
not breathe through his mouth, and also tied the esophagus so that no 
atmospheric connection between the cavities of the thorax and mouth 
was possible. We then inserted a glass cannula into one nostril and 
plugged up the other with cotton. We also fitted a cannula into a piece 
of cork and tied this into the upper part of the trachea below’ the 
cricoid cartilage. In this manner the pharyngeal cavity was tapped 
from above and below, and by connecting the cannule with two Marey’s 
drums which were writing on a revolving cylinder, we were prepared to 
detect all pulsations of air which might proceed from that cavity. In 
our first experiment the dog’s lips were stitched tightly together in order 
to exclude all air-currents in that direction, but we subsequently found 
that this sealing of the front of the mouth was not necessary, because 
the tongue was an all-efficient valve in itself. 
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With such an arrangement of apparatus, it was evident that any 
change in the capacity of the pharyngeal cavity would produce cor- 
responding variations of tension in the recording drums, and that 
such variations of tension actually occurred may be seen in Plate V., 
Figure 1, A and B. 

The curve A was obtained through the cannula in the nostril, and 
represents a series of rhythmical movements which are made up of 
distinct individual parts, requiring separate notice. At first the curve 
descends abruptly from x to y, then follows a powerful ascent from 
y to z, whence the curve relapses to a horizontal line, where it remains 
until the beginning of the next cycle at x’. 

The curve B, which was obtained from the cannula below the cricoid, 
differs from A in being less energetic and more limited. Its summit 
does not present alternate peaks and Plateaus, but assumes a dead level. 
The relapse of the curve from z to x’ in’ A seems to be a passive record 
-and due to the resistance of the tympanum of the drum — has just 
been bulged out excessively, 

- Thinking that the differences between the curves A and B might 
be due in part at least to the interference of the vocal cords, we tied 
a small rubber balloon on to an English catheter, and pushed it from 
below up through the larynx into the pharyngeal cavity. The lower end 
of the catheter was passed through a cork which was tied into the 
trachea, and was continued to a Marey’s drum by rubber tubing. By 
this method we obtained curve A, Figure 2, which closely corresponds to 
‘the nostril curve in Figure 1. Now these curves require a double inter- 
pretation. | 


1. We must seek the mechanism by which they are produced. 


2. We must study their relationship to the thoracte seapesnioty 
movements. 


1. As I have previously said, the different saene of the curves 
indicate varying tensions in the drums, A descent of the curve corre- 
‘sponds to a diminution of tension, while ascent of curve points to 
increase of tension, beneath the tympanum of the recording apparatus. 
In other words, we have recorded that currents of air were passing 
rhythmically in and out of the pharyngeal cavity by the avenues which 
we had provided for them. This being so, it is evident that the cavity 
above named must have been todecpoing rhythmical changes in 
capacity, by means of which these currents were produced. We thought 
that these changes might be due to an alternate lengthening and 


73 
ag 
+ 
be 
x 
“hg 
“aig 
a 
‘ 


— 


t 
j 
1 
a 


‘ 


“84 M. GARLAND. 


shortening of the pharynx by the action of the sterno-thyroid and 
sterno-hyoid muscles. Accordingly we cut those muscles, and the 


mylo-hyoid and genio-hyoid as well, but the curves remained un- 


altered 


It seems probable therefore that the movements which we are 
studying are due to the action of the pharyngeal muscles proper. 
Indeed, after we had removed the external muscles above named, we 
could plainly see the hyoid bone still moving rhythmically up and 
down, The central portion of that bone rose and fell, with a slight 
forward and backward oscillation, and these movements were very much 
exaggerated on inducing dyspneea in the animal. On grasping the 
sides of the hyoid between the thumb and finger, we could feel those 
parts alternately drawn asunder and then approximated, shewing that the 
respiratory variations in the capacity of the pharynx are produced by 
the muscles acting directly on the hyoid bone, i.e. by the same muscles 
which, under other conditions and with a somewhat different correla- 
tion, are engaged in the ordinary act of deglutition. 


2. In testing the chronographic relationship of the pharyngeal 


curves to the respiratory movements of the chest, we resorted to various 


expedients for determining the exact incidence of inspiration and 
expiration. 


We employed 


(a) A bifurcated tracheal cannula, one arm of which was con- | 
nected with a drum, the other free. 


(6). Marey’s pneumograph’, which is strapped on to the chest 
and records the thoracic rise and fall. 


(c) A large tin can, into one end of which the dog breathed. 


The other end was connected with a drum, 


(d) A rubber bag in the thoracic portion of the ccanphiagus. 
This was connected with a Marey’s drum by means of an English 


catheter and a rubber tube. 


We found that the bifurcated cannula was unsatisfactory, because 


the tension of the air in the drum could not be sustained for any length 


of time, owing to the patency of the free arm. Thus the curve would 


1 See Travauz du laboratoire de M. Marey, Année 1876, p. 149. 
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rise or sink as the case might be, but it would immediately relapse to 
the neutral position, so that we never could tell accurately when 
the beginning or termination of either act of respiration occurred. 

The apparatus on the chest was defective in that it failed to record 
the diaphragmatic movements, and therefore when those movements 
preceded the elevation of the ribs we failed in a part of the record. 

The tin can furnished a very accurate record, but was inconvenient, 
because it was necessary to renew the air frequently or the animal 
would suffocate, 

The wsophageal method proved to be the most convenient and 
most reliable, and was accordingly employed in the majority of the 
experiments. 

In analysing the results of all our experiments, however, I find that 
all the methods gave practically the same results. 

In Figure 1 the curve c presents the record of the drum connected 
with a bifurcated cannula in the trachea. The fall of curve indicates 
inspiration, while the rise corresponds to expiration, and there are no 
pauses between the two acts. The pen which wrote this curve was 
placed accurately in a line with the two above it, and therefore the 
perpendicular lines, a, b, c, which I have drawn, indicate identity of 
time in all three records. The line a is drawn through the curve A at 
the point where pharyngeal expansion begins. Following the line 
down to the other curves, it will be seen to cross B at a corresponding 
_ point, while in curve C it falls near the summit of the rising portion, 
and therefore corresponds to the latter part of thoracic expiration. 

The line b is drawn through the lowest point of curve A, and there- 
fore indicates, in this case, the end of expansion, and the beginning of 
contraction, of the pharynx. Pursuing the line down to curve C, we 
find that this stage of the pharyngeal cycle coincides with the early part 
of thoracic inspiration. | | 

On comparing curves A and B in Figure 1, we notice a slight discre- 
pancy, in that the highest and lowest points of these curves do not 
- .coineide respectively (see b, c, e), although the beginning of each cycle 
is the same for both curves (see a). This apparent difference of time is 
to be explained by the fact that the “forward thrust” of the pen A 
was greater than that of B, since the former described a much larger 
arc than the latter. If correction be made for this difference of thrust 
in thé two pens, the curves will be found to coincide practically as 
to time, 

On studying the lines c and e, we perceive that the end of the 
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pharyngeal contraction coincides with the beginning of the next ex- 
piration. In other words, we find that the pharynx began to expand 
while the animal was breathing air out of his chest. This expansion 
continued into the following inspiration, when it was replaced by a 
powerful pharyngeal contraction, which endured to the end of inspira- 
tion, and even lapped over on to the next expiration. | 

If we analyze the curves in Figure 2 in the manner above de- 
scribed, we find that the pharyngeal expansion there begins with the 
previous expiration and persists throughout the same. The subsequent 
contraction begins with, and terminates during, inspiration. In 
Figure 3, we have a different form of respiration, characterized by 
long expiratory pauses, and here the beginning of pharyngeal expansion 
—line a—coincides with the respiratory pause, and its termination 
falls on inspiration, The pharyngeal contraction begins during inspi- 
ration, and terminates with expiration. At first glance there seems to. 
be the greatest confusion regarding the relation of the pharyngeal 
changes to those of the chest. The expansion and contraction of the 
pharynx seem to form all possible combinations and overlappings with 
the correlated movements of the thorax. In order therefore to see if 
there be any constant rhythm underlying this seeming jargon, I have 
analyzed a series of ten curves with the following results, 


Pharyngeal Expansion Pharyngeal Expansion 
‘begins in curve 1 during expiration. ends in curve 1 during inspiration. 
pause, 
» » » ” ” 
expiration. » 9» with end of expi- 
ration. 
” ” ” 5 


” 
» Owith inspiration. » 6 during inspiration. 


” ” ” 8 during expiration. ” ry) ” 8 with end of expl- 


ration. 
9 ” expiratory » » » 9 during inspiration. 
pause, | 
10 ” ” 10 ” ”? 
Begins during expiration 4 Ends with end of expiration 3_ 
” » expiratory 
pause 4 » during inspiration , . 7 


» With inspiration 2 
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Pharyngeal Contraction. — Pharyngeal Contraction. 
Begins in curve 1 during inspiration. Ends in curve 1 during expiration. 
” » » 2 with end of inspi- 
| ration. 


pause 
» 9» 9 6 with end of inspiration 


»» expiration. 


~~ 
~ 


S with end of inspi- 


ration. 
” »» 10 during expiration. 
Doubtful . . 1 Ends during inspiration 2 
with inspiration 1 Ends with end of 
» during = 6 Ends during expiration 5 
» atendof ,, 
», during expiratory 
pause 


We see by this schedule that the pharyngeal expansion begins 
eight times out of ten, either during the previous expiration or during 
the expiratory pause, and terminates with the end of expiration three 
times, and during the following inspiration seven times. 

The pharyngeal contraction begins during, or immediately before, 
inspiration, eight times. Once it was delayed until the end of inspira- 
tion, and once its exact coincidence was doubtful owing to lack of 
definition in the thoracic curve. The pharyngeal contraction ends 
during, or simultaneously with, inspiration, five times, and it laps over 
into the succeeding expiration five times. 


As a general result from these data, it seems to me that we can safely 
deduce the following conclusions :— 


1. The pharyngeal expansion is a phenomenon which precedes 
inspiration, though it may not be completed before inspi- 
ration begins. It coincides with the previous expiration, or 
with the expiratory pause according to the type of 
breathing. | 

2. The pharyngeal contraction, in the majority of cases, coincides 
mainly with inspiration, and appears to be essentially an 

. inspiratory phenomenon, 
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Figure 4 of Plate V. represents the effect of section of both vagi 
nerves. Curve A was obtained by means of Marey’s respiratory 
apparatus on the chest, and it shews the characteristic type of this 
kind of respiration, viz. a long deep inspiration, followed by an abrupt 
expiration and a prolonged expiratory pause. Curve B was recorded 
from a cannula in the dog’s nostril, and we see that it is very much 
altered in character by the section of the nerves. The movements are 
much slower and the pharynx remains expanded for a prolonged 
interval, a—b, before contraction follows. 

Figure 3 presents another point of interest. Curve A was obtained 
by means of a bag in the oesophagus, and it records an interrupted 
sobbing respiration. At the points x, y, z, we observe slight jogs in 
the curve which correspond to abortive attempts at respiration. On 
casting the eye upon curves Band Cit will be noticed that each one of 
the above sobs was responded to by similar slight movements in the 
pharynx. 

As the result of our experiments we have concluded that the 
pharyngeal expansion is a preliminary movement, preparatory to the 
coming inspiration; and the pharyngeal contraction is essentially an — 
inspiratory effort, Whether these pharyngeal changes actually subserve 
any special purpose in the vital economy of the dog I cannot say. 
It would seem indeed as if the slight influence which they might exert 
upon the respiratory current under ordinary circumstances would be 
overpowered by the greater force of the thoracic movements. | 

com _ From a biological standpoint, however, the movements which I 
have described are of considerable interest, since they reveal a con- 
necting link between throat and thoracic respiration. In a recent 
article in this Journal (Vol. 1. p. 131), Prof. Martin describes in 
detail the respiratory movements of the frog. As is well known, that 
animal has not the power of expanding his chest walls, and thus 
drawing air into the lungs, but those organs are filled by swallowing 
efforts of the pharynx. One of Martin’s figures (Vol. 1. Pl. VL. Fig. 6), 
represents the respiratory movements as recorded simultaneously by - 
two levers; the upper one of which rested on the flank, and the lower 
one on the outside of the pharynx, of the animal. In the upper curve 
we observe that the respiratory movements of the flank are rare and 
irregular in rhythm. The descent of the curve at b, indicates expira- 
tion and its immediate rise is the result of inspiration; and therefore 
the long interval between two series of flank movements is an inspi- 
ratory pause during which the lungs are filled with air. 
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In the lower curve the ascent of the line indicates throat retrac- 
_ tion, and the descent, throat protrusion. At irregular intervals, a, a, a, 
there occur more marked throat protrusions as shewn by further 
descent of the curve, and then follows a throat retraction more powerful 
than those which preceded. These two varieties of movement are 
distinguished by Martin as minor and major throat movements. The 
minor throat changes have nothing to do with the ventilation of the 
— lungs, but simply compel air in and out of the pharynx through the 
nostrils. 

On comparing the major throat movements with the flank move- 
ments, we see that the protrusion of the throat, ie. the expansion of 
the pharynx, coincides with the flank expiration (a, b), while the 
powerful throat retraction, which follows, coincides with and actually 
produces the inflation of the lungs. In fact we discover between these 
» movements the same relationship which oe between the dog’s 
curves. 

1. The throat protrusion is preliminary to inspiration, and coincides 
with pulmonary expiration. | 
_ 2. The throat retraction coincides with pulmonary inflation and is 
essentially an inspiratory act. 

Martin thinks that the descent of the hyoid and consequent 
throat protrusion, are passive phenomena, due to the weight of the 
parts and to the influence of abdominal movements. In the case of 
_ the dog, however, the powerful manner, in which the pharyngeal expan- | 
sion curve was written, precluded the thought that the movement was 
a passive one. Moreover, the dog lay on his back, so that a passive 
falling of the pharyngeal walls would have produced contraction rather 
than expansion of the cavity within. 

Furthermore I am inclined to doubt that the throat protrusions 
in the frog are passive as Martin thinks. I have in my posses- 
sion certain tracings of the movements of the frog’s throat which 
were obtained a few years ago by Professor Bowditch and: Professor 
Straight, and I find that the throat protrusions are there so strongly 
marked that I am reluctant to believe them passive., 

If the pharyngeal contraction is essentially an inspiratory act, as 
seems probable, it appears somewhat strange that it should so often 
come in conflict with the expiratory phase of the chest movements. 
We found that the contraction of the pharynx lapped over on to 
the following expiration five times out of ten. This would seem to 
be a conflict of forces and a waste of energy. In Martin’s curve, 
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we see that the throat retraction has already begun before the flank 
expiration has terminated at c. Hence there is also an apparent - 
overlapping and conflict of two agencies in the frog. I am not pre- 
pared to explain this paradoxical phenomenon, but mention it as a 
point worthy of investigation. | 

In order to test the question of pharyngeal respiration in the 
human subject it would be necessary to experiment on one who 
breathes through a tracheal cannula and not through his mouth. 
I have been unable to obtain such a subject as yet, but I have noticed 
that pharyngeal respiratory movements do occur in the human throat, 
and under some conditions they may become so exaggerated as to 
be observable from a considerable distance. Thus in a dying person, 
as the thoracic respiration became feebler and more superficial, I 
have observed the soft parts between the chin and hyoid bone moving 
forcibly out and in with a most ne resemblance to the throat 
movements of the frog. 


EXPLANATION OF PLATE V. 
Fig. 1. 


A Marey’s drum with cannula in nostril. 
B ” ” » 9 _ below larynx. 
» » 9 bifurcation of tracheal cannula. 
Fia, 2. 
A Marey’s drum with bag in pharynx. 
B ” ” » 9 9 sop 
Fig. 
A Marey’s drum with bag in esophagus. 
B ” cannula below larynx, 
C ” ” ” ” in nostril, | 
Fia. 4. 
ae A Marey’s drum with pneumograph on chest. 
B ” ” »  cann in nostril. 


Page 464, Vol. I., line 24 from top, instead of ‘‘the position of the lever,” &c., read 
‘*a needle, fixed in a holder, with its point at the height of the surface of the fluid 
in the reservoir, serves to indicate the position of this latter.” 


Wea? 
J 
¢ 
é 
‘ 
3 
| 


v 
< 
2 
+ 
: 
} fj 
Bi 
x 
4 
| 
4 
Bi 
| 
it 
4 
4 
| 
i 
| 
J 
| 
é 
Bee 
Bit 
| 
ab 
ae 
nate 
| 
ik 
| 
it 
i! 
4 
a 
4 
} 
| 
4 
TUM. 


Journ. Physiology, Fig. | 
Z 


Fig. 2. 


Voll, PL.V 


F Huth, Lith’ Bdin® 


ina 
| 
A 
a 
y 
B 
: 
‘ 
j 
acta 
| 
vod 
| 
"3 
VS B 
4 
4 
Fi 3. 
| 4 
| 
| 
' 
x 
cha 
Fig. aa 
‘ 
B 4 
7 
. 
A a a 
| b 


1S 
i 
i 
“Sa 
all 
3 
. 
a 
* 


THE EFFECT OF THE. RESPIRATORY MOVEMENTS 
ON THE PULMONARY CIRCULATION. By H. P. 
BOWDITCH, M.D., Professor of Physiology, Harvard Medical 
School, and G. M. GARLAND, MD., in Phosiology, 
Harvard Medical School. 


THE influence of the alternate expansion and contraction of the lungs 
in respiration upon the rate and volume of the pulmonary circula- 
tion is of interest as affording a more or less complete explanation of 
the respiratory changes of the blood tension in the systemic arteries, and 
also from its possible connection with the gas exchange between the 
blood and the atmosphere. Quincke and Pfeiffer* seem to have been ~ 
the first to undertake methodical experiments for the solution of the 
question, and to their article the reader is referred for an account of the 
earlier literature of the subject. 

These observers experimented at first with the excised lungs of dogs 
enclosed in a glass jar with a tightly-fitting cover provided with four 
tubulated openings communicating with the trachea, the pulmonary 
artery, the left auricle and the interior of the jar outside the lungs. 
By means of this apparatus it was possible to expand the lungs either 
by blowing them up through the trachea or by exhausting the air 
around them, and to study the effects thus produced upon a stream of 
defibrinated blood flowing under constant pressure through the pulmo- 
nary vessels. Experimenting in this way, they found that when the 
lungs were éxpanded by a positive pressure in the bronchial tubes, the 
flow of blood through the pulmonary vessels was diminished, while ex- 
pansion by a negative pressure around the lungs produced the opposite 
effect. Now since the lungs are, in natural respiration, expanded by the 
dilatation of the surrounding thorax, it might at first sight seem that 
the second method of experimenting, viz. by exhausting the air in the 
jar around the lungs, would imitate the natural conditions more closely 


"1 Arehiv fitr Anat. Phys. u. wise, Med., 1871, p. 90. 
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than the first method in which the lungs were simply blown up. Since 
however the lungs receive their blood from the right ventricle and 
deliver it into the left auricle, and since these two cavities are both 
within the thorax, and are both subjected to the same inspiratory dimi- 
nution of pressure as the outer surface of the lungs themselves, it is 
evident that the experiment in which the blood was received from and 
delivered into vessels outside the jar in which the negative pressure was 
produced, cannot truly represent the natural conditions of the pulmo- 
nary circulation. In fact, the authors by a process of reasoning which 
cannot be well repeated without the diagrams used to illustrate it, came 
to the conclusion that the first method of experimenting, viz. by blow- 


-ing up the lungs, represents, as far as the effect on the pulmonary circu- 


lation is concerned, the conditions which prevail in natural respiration. 
They admit however, the possibility of a compensation for this inspira- 
tory narrowing of the blood-vessels in the circumstance that the right 
ventricle, being more dilated in diastole during inspiration than during 
expiration, will expel at each systole a greater amount of blood, and 
will therefore produce a higher pressure in the pulmonary artery. How 
far this increased pressure is able to compensate for the obstacles 
afforded by the narrowed vessels, the authors do not attempt to decide. 

Funke and Latschenberger’ have also adopted the view that the 
pulmonary vessels are constricted during inspiration, and make this 
circumstance the basis of their theory of the respiratory changes of 
blood tension, changes which they maintain to be the same in natural 
as in artificial respiration. 

Zuntz* considers that the capacity of the pulmonary vessels is 
diminished by inflation of the lungs, The effect of natural respiration 
is regarded as doubtful. 

On the other hand, Heger® experimenting with an apparatus essen- 
tially the same as that of Quincke and Pfeiffer, found, as they had 
done, that expansion of the lungs by exhaustion of the air around 
them increased the flow through the pulmonary vessels, while blowing 
up the lungs had the opposite effect. | 

From this observation he drew the conclusion that in natural respi- 
ration the blood is drawn into the pulmonary vessels during inspiration, 
and, without considering the reasoning which led Quincke and Pfeiffer 
to the opposite conclusion, accused them of “reiterating, under a new 
form, an old error which they had themselves just refuted.” D’Arson- 


1 Pfliiger’s Arch., xv. 405. 2 Pfliiger’s Archiv, xvu. 874, 
3 Expériences sur la circulation du sang dans des organes isolés. Bruxelles, 1878. 
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val’ also, has recently discussed the question and arrived at conclusions 
similar to those of Heger. His most important contribution to our 
knowledge of the subject is the following experiment. 

The abdomen of a dog recently killed by bleeding and by section of — 
the medulla oblongata is opened, and cannul inserted into the abdomi- 
nal aorta and the vena cava inferior at the points where they emerge 
from the diaphragm. By means of these cannule defibrinated blood is 
conducted through the heart and lungs, while the movements of respi- 
ration are imitated by pulling down the diaphragm. Under these con- 
_ ditions, an inspiratory movement causes a primary brief diminution and 
a subsequent increase in the amount of blood flowing through the aorta, 
thus indicating a dilatation of the pulmonary vessels. The fact, that the 
surface of the lungs observed through the unopened costal pleura of a 
living animal shows an increased redness during inspiration, is also 
regarded by the author as a proof of an enlargement of the pulmonary 
vessels, but this observation evidently proves nothing except for the 
superficial vessels, and these may be derived from the bronchial as 
well as from the pulmonary artery. 


In view of these discordant theories, it seemed desirable to under- 
take renewed investigations, and the experiments recorded in this and 
a subsequent article have for their object— 


(1) To test the accuracy of the theory of Quincke and Pfeiffer, 
that, when the blood flowing through the lungs is received from and 
delivered into cavities which are placed under the same conditions of 
pressure as the outer surface of the lungs themselves, an expansion 
of the lungs either by an increased pressure within or by a dimin- 
ished pressure without will produce an obstacle to the flow of the 
blood through the pulmonary vessels. 


(2) To determine how far this theory, if shown to be correct, is 
we ot under the conditions present in natural respiration. 


As a preliminary to the first investigation it seemed desirable to 
study the changes in the capacity of the pulmonary vessels as de- 
pendent upon the degree of expansion of the lungs, changes which, 
as Quincke and Pfeiffer have pointed out’, do not necessarily run 


1 Sur le réle de Vélasticité du poumon dans les phénomenes de la circulation. Thése 
- pour le doctorat en médecine. Paris, 1877. No, 376. 
2 Op. cit. p. 110. 


Be, 
; 
¢ 
“A 
ba 
q 
¥ 
ay 
§8—2 
. 
> 


a ~ — 


94 «HL P. BOWDITCH AND @G. M. GARLAND. 


parallel with the changes in the amount of blood transmitted. The 


question has been investigated by these authors for lungs expanded by 


inflation, but the changes of pressure were made abruptly from 0 to 10 


or 20 mm. Hg., and no attempt was made to determine the pressure 
at which the pulmonary vessels had a maximum or minimum capacity. 

Our experiments were made by suspending the freshly excised lungs 
of a dog in a glass jar by means of a tube tied into the trachea and 


_ passing through the stopper of the jar, while a second tube also passing 


through the stopper permitted the air in the jar to escape when the 
lungs were expanded by inflation. Through this second tube, the air in 
the jar could also be rarified and the lungs thus expanded by aspi- 
ration. Two wide glass tubes, graduated to cubic centimeters, were 
tied into the pulmonary artery and the left auricle, and supported in 
a vertical position, their upper ends opening freely within the jar. 
The vessels of the lungs being filled with defibrinated blood through 
the tube connected with the pulmonary artery, the height at which the 
blood stood in the two tubes was noted, while the lungs were in a 
collapsed condition. The lungs were then expanded either by inflation 
through the trachea or by aspiration through the tube opening into the 
interior of the jar; and the varying heights of the arterial and venous 


- columns, corresponding to different degrees of expansion of the lung 


as indicated by a water manometer, were noted and recorded. : 
- The level of the fluid in the glass tubes was at the beginning of 
the experiment about 8 cm. above the origin of the pulmonary artery. 
In the course of the experiment the expansion and contraction of the 
lungs caused a variation of two or three centimeters in this level, and 
changed, therefore, to this extent the pressure resting upon the pulmo- 
nary vessels. Table I, on the opposite page, shows the figures ob- 
tained in two experiments selected from a series giving uniform results. 
The figures in the first column express the degree of expansion of the 
lungs as indicated by a water manometer connected with the tube 
attached to the trachea in the case of expansion by inflation and with 
the interior of the jar in the case of expansion by aspiration. 
The figures in the second and third columns indicate the amount of 
blood present in the arterial and venous tubes under the various condi- 
tions of expansion of the lungs, The zero point on the tubes was on 
the same level as the origin of the pulmonary vessels. It is of course 
the relative and not the absolute values of the figures that are of 
importance in the question before us. 
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Table I. 
Exp. 1. Lungs expanded by inflation. ||Exr. 2. Lungs expanded by aspiration. 
Height of | Contents of | Contents of Height of | Contents of | Contents of 
water manom.| arterial tube. | venous tube. ||water manom.| arterial tube. | venous tube. 
cm. 6.6, 6.6. em. €.¢, 
0 4°5 3°6 0 4-4 3°4 
4 45 3°6 2 4°2 3°3 
8 49 42 4 4°4 3°5 
12 5-2 6 46 3°8 
14 5°3 4°7 8 5-2 
16 5°3 4°8 10 
18 5°4 49 12 56 4°6 
14 | 4°7 4 14 5°8 4°8 
12 (46 16 58 5° 
10 4°3 (%) 18 5°9 
8 4-1 (?) 20 6° 5°2 
6 3°7 3 22 6° 5°5 
4 3°3 3 18 
2 3°1 2 16 5°5 5-1 
0 3°5 2-4 14 5:3 4-9 
12 46 
10 4°8 4-4. 
8 4°6 4-2 
6 4°3 39 
4 4: 3°7 
2 3°7 3°5 
0 4: 3°6 


An examination of this table shows that— 


(1) As a general rule an expansion of the lungs, either by inflation 
or aspiration, diminishes the capacity of the pulmonary vessels, (For 
exceptions see below.) 

_ (2) This diminution is more marked on the venous than on the 
arterial side’. 

(3) In Exp. 1, where the lungs were expanded by inflation, the 
contents of the arterial and venous tubes were for corresponding de- 
grees of expansion decidedly greater during the period of inflation than 
during the subsequent period of collapse ; while in Exp. 2, where the 


1 This fact was notized by Quincke and Pfeiffer in their experiments on inflated 
lungs. Op. cit. p. 112. | 
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lungs were expanded by aspiration, the difference was noticeable “only 2 
on the arterial side. This phenomenon evidently depends upon the © 


escape of a certain amount of blood from the pulmonary vessels in 


the course of the experiment. The cedematous condition of the lungs, 
always noticed at the end of a long series of observations, is evidence in 
the same direction. 


(4) Though in general expansion of the lungs diminishes the size 
of the pulmonary vessels, yet the maximum capacity of these vessels is 
not associated with a condition of absolute — but rather of slight 
expansion of the lungs. 


To render this last result more apparent the lungs were blown up 
very gradually, and the amount of blood in the two tubes noted for 
each centimeter of variation in the water manometer. The following 
table (II.) shows the result of this experiment. 


Table II. 
Exp. 3. Lungs expanded by inflation. 


Height of water Contents of . Contents of 
manometer. arterial tube. venous tube. 

em, Cc. 

0 | 3:7 

1 3°6 3°3 

2 3°45 $°3 

3 3°45 3°2 

4 3:5 3°2 

5 3°7 3°3 


From this it will be seen that the pulmonary vessels are most 
capacious when tbe lungs are expanded by a pressure of about 3 cm. of 
water or 23mm.Hg. In order to obtain a more exact idea of the 
relation between the total capacity of the pulmonary vessels and the 
increase or diminution of the same produced by various conditions of 
expansion, the lungs were subjected to pressure at the end of the 
experiment, and the blood which could thus be squeezed out of the 
vessels collected and measured. The amount was considered as ap- 
proximately the quantity which the vessels could contain when the 
lungs were collapsed, and by subtracting from this the amounts which 
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were found to be driven out into the arterial and venous tubes by the 
expansion of the lungs, tables were constructed showing approximately 
the total amount of blood which the pulmonary vessels could contain 
in various conditions of expansion of the lungs as indicated by water 
manometer. Table III. is obtained in this way from the figures in 
Table I. 


Table III. 
Exp. 1. Lungs expanded || Exp, 2. Lungs expanded 
) by inflation. by aspiration. 

Height of | Contents of pul- || Height of | Contents of pul- 
water manom.| monary vessels. ||watermanom.) monary vessels. 

0 33 0 34:2 

4 33 2 34°5 

8 32 4 $4°1 

12 6 

14 31:1 8 32°8 

16 31: 10 

18 29°8 12 31°9 

14 31°4 14 3155 

12 3155 16 31°3 

33°4 18 31°1 

4 33°5 20 30°9 

2 35°0 22 306 

18 31-1 

16 31°5 

14 31°9 

12 

10 $2°9. 

8 33°3 

6 

4 
2 | 34°9 
0 


The data of this Table have been used for the construction of the 
curves in Figs. 1 and 2, which show at a glance the relation between the 
expansion of the lungs as indicated by the broken line and the capacity 
of the pulmonary vessels as indicated by the dotted line. The values 
of the ordinates of the former curve expressed in centimeters of water 
are given in the column of figures on the left, and those of the latter 
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curve expressed in cubic centimeters in the column of figures on the 


right, 


An inspection of these curves shows the accuracy of the Ist, 2nd, 
3rd, conclusions as above formulated. 


Fia. 1, Suiaa in glass jar expanded by inflation. 


Height of water manometer in cm. 
Contents of pulmonary vessels in c.c. cities - - - 


Fie. 2, Lungs in pa jar expanded by aspiration. 


Height of water manometer in cm. 
Contents of pulmonary yessels in ¢.c. -- - - - - - - 
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In one of the experiments performed in this way it was noticed that 
when the lungs were inflated with a pressure above 29 cm. water the 
blood sank in the tubes on both the arterial and the venous sides of 
the lungs, seeming to indicate that at this high pressure on the internal 
surface of the lungs the pulmonary vessels had become more capacious. 

To determine whether the reversal of the relation between expansion 

of the lungs and size of the pulmonary vessels was connected in any 
way with the abnormal position of the lungs (which were suspended by 
the trachea in a glass jar), experiments were tried, which consisted in 
attaching cannule to the pulmonary artery and the left auricle of a 
freshly-killed dog. The thorax being open and the lungs in situ, both 
cannulz were connected by means of a forked tube with a horizontal 
piece of glass tubing, the end of which bent .at a right angle dipped 
- into a graduated cylinder. The pulmonary vessels and the tubes con- 
nected with them were then filled with defibrinated blood, by means of 
a lateral opening in one of the cannulz. A tracheal cannula connected — 
laterally with a mercury manometer afforded the means of inflating 
the lungs to any desired degree, while the volume of the blood driven 
out of or drawn into the pulmonary vessels, in consequence of the 
changing size of the lungs, could be read off upon the graduated 
cylinder. In order to avoid variations of pressure upon the pulmonary 
vessels, care was taken, by raising and lowering the cylinder, that the 
fluid in it should remain during the whole experiment at the same 
absolute height. In some of the experiments this result was accom- 
plished by suspending the cylinder to a spiral steel spring, of which the 
length and strength were so adjusted that the elongation produced by 
the entrance of a given quantity of blood into the cylinder was equal 
to the simultaneously-occurring rise of level of fluid in the cylinder. 
An index attached to the lower end of the spring was made to record 
its movements upon a revolving cylinder, covered with smoked paper, 
and the apparatus thus formed a simple sort of plethysmograph accom- 
_ plishing the same objects as the more elaborate instruments described 
by Mosso* and von Basch*. Experiments of this sort showed that 
when the pressure by which the lungs are expanded exceeds 22—25 
mm. Hg. the capacity of the pulmonary vessels generally, but not 
invariably, begins to increase. This is shown by the figures of the 
following table, in which the capacity of the vessels at each degree of 
expansion is determined in the same way as in Table IIT. 


1 Arbeiten aus der phys. Anstalt zu Leipzig, 1874, p. 156. 
2 Medicinische Jahrbiicher, 1876, tv. 
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Table IV. 
Lungs in situ—expanded by inflation. 
Height of | Contents of || Height of | Contents of || Height of | Contents of 
Hg. manom. | pulm. vessels. || Hg. manom. | pulm. vessels, || Hg. manom. | pulm. vessels. 

mm. mm. Cc. mm. 
0 32°50 22 16°57 24 17°20 
2 32°71. 24 16°35 22 16°99 
ete 33°13 26 16°35 20 16°78 
6 33°13 28 16°57 18 16°57 
- 8 32°92 30 16°99 16 16°52 
10 32°71 32 17°42 14 16°52 
12 31°86, 34 17°84 12 16°52 
14 28°88 32. 17°84 10 16-74 
16 25°48 30 17°84 8 20°35 
18 20°60 28 17°63 6 21-45 
20 17°42 26 17°42 4 33-07 
2 33°92 


Fie. 8. Lungs in situ. Expanded by inflation. 
Contents of pulmonary vessels, ¢.0, -------- 


Tension of air in lungs, mm. 
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The curves of Fig. 3 show how the capacity of the pulmonary vessels 
(indicated by the ordinates of the upper curve) depends upon the 
expansion of the lungs, as shown by the rise and fall of the lower line. 

The pulmonary vessels of the dog seem therefore to be most capa- 
cious when the lungs are distended by a pressure of 2.3 mm. Hg., and least 
capacious when they are distended by a pressure of 22—25 mm. Hg. 
Now in the normal respiration of the dog the negative pressure. in the 
pleural cavity has been shown. by D’Arsonval’ to vary between 
11.1 and 148 mm. Hg., though in forced inspiration it may rise to 
22.2 mm., or even higher if the trachea is closed. 

The normal respiratory movements take ‘place therefore within the 
limits between which expansion of the lungs is accompanied by a dimi- 
nution in the size of the pulmonary vessels and contraction of: the lungs 
by an increase of the same. 

Since it is therefore evident that, so long as the vessels which supply 
the blood to, and receive it from, the lungs, are under the same pressure 
as the outer surface of those organs, an expansion of the lungs within 


physiological limits, either by inflation or by aspiration, diminishes the 


capacity of the pulmonary vessels, the question next arises how far this 
diminished capacity acts as an obstacle to the flow of blood through 
the organ. In investigating this subject a number of preliminary ex- 
periments were made, in which the blood flowing from a tube connected 
with the left auricle fell into a graduated glass, and the amount thus 
flowing was read off at intervals of 5’ or 15”, wnder various conditions 
of expansion of the lungs. 

It soon became evident, however, that slight temporary changes 
often escaped detection by this method of experimenting, and it was 


therefore necessary to devise a method by which the changes in the — 


rapidity of the flow could be made self-recording. 

Inasmuch as the vessel into which the blood. flowed from the left 
auricle was to be always under the same pressure as the outer surface 
of the lungs, and therefore in cases of expansion by aspiration, under a 
pressure less than that of the atmosphere, it was evident that no 
‘apparatus in which the connection with the recording instrument is 
_ made by means of a column of fluid or air, as for instance in the appa- 
ratus of Gaskell*, could be used in this research. 

After a variety of preliminary trials, the method finally adopted was 
that of letting the blood coming from the left auricle flow into a small 


1 Op. cit. p. 43. 
Ludwig’s Arbeiten, 1876. p. 45. 
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tin pail (having a capacity of about 220c.c.) suspended on a delicate 
spiral steel spring, the gradual elongation of which, under the weight of 
the accumulating blood, permitted a delicate metallic plate, attached to 
the lower end of the spring, to slide along a vertical brass rod which 
had a screw-thread cut upon its whole length. The depressions of the 
thread were filled with: sealing-wax, so that the contact of the metallic 
plate alternately with brass and wax made and broke a circuit through 
an electro-magnet, which recorded in the usual way, t.¢. by a pen — 
drawing a broken line upon a strip of moving paper, the passage and the 
interruption of the electrical current. The frequency of the breaks in 
this line corresponded, of course, to the rapidity of the flow of the blood. 
The accuracy with which such an instrument can register slight changes 
in the rate of the flow depends upon the delicacy of the spring and the 
distance between the screw-threads. In this investigation two instru- 
ments, A and B, were used. Their dimensions were as follows : 


| A B 
Spring, length unstretched ... ... | 68:5 mm. 158°5 mm. 
» elongation under 200 grams. | 50-0 _,, - ee 
‘Distance between screw-threads_... 


- From these figures it is evident that with instrument A the flow of 
every four grams of blood would be indicated by a descent in the broken 
line drawn by the pen; while with instrument B the flow of each 
single gram would be similarly indicated. The best results were, upon 
the whole, obtained with instrument A, for the length and delicacy of 
the spring in the other instrument rendered it liable to vibrations, which 
interfered with the regularity of its elongation under the weight of the 
flowing blood. Directly above the line drawn by the pen connected 
with the registering instrument the time was recorded by another pen 
connected with an electro-magnet, the current through which was 
momentarily interrupted once a second by a pendulum, Below these 
pens, in the same vertical line, a third pen, connected with a mercury 
manometer, recorded the varying degrees of expansion of the lungs; 
while a fourth (stationary) pen drew a horizontal line corresponding to 
0, or to some known height of the manometer, and thus facilitated the 
determination of the degree of expansion of the lungs. Fig. 4, which 
is an accurate copy of one of the actual tracings, will give an idea of the 
appearance of the records from which the conclusions of this article have 
been drawn. The tracings all read from right to left. The points on 
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Fia. 4, 


the upper line indicate seconds of time. The alternate ascents’ and 
descents of the second line correspond in their frequency to the rapidity 
of the blood-flow; while the lower tracing shows that the lungs were 
in the middle of the experiment expanded by a pressure greater than 
that prevailing at the beginning and end by about 10 mm. Hg. | 
Fig. 5 shows, in a diagrammatic way, the general appearance of the 
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whole apparatus as arranged for an experiment on the effect of ex- 
pansion by aspiration. The freshly-excised lungs of a dog are suspended 
in a large glass jar A, by means of a tube tied into the trachea, and 


passing through the ground-glass stopper f, A second tube g, passing 


through the stopper, is connected with a cannula tied into the pulmonary 
artery. Through this tube fresh defibrinated blood (in some experi- 
ments diluted with a 0°5 per cent. solution of sodic chloride) contained 
in the Mariotte’s flask B can be conducted through the tube u into 
the pulmonary vessels. The flask B can be placed at any desired 
height, so as to regulate the blood-pressure in the pulmonary artery. 


The blood flowing from the left auricle is conducted by the tube & 


through the rubber stopper / to the registering apparatus contained in 
the glass jar C. 

This apparatus consists of a vertical brass tube Z, having on its 
surface the screw-thread before alluded to. On the top of the tube Z 
is screwed a small plate of hard rubber a, carrying two binding-screws 
o and p, one of which is connected with the tube Z, and the other with 
the spiral spring F’ 

To the lower end of the spring F is fastened a square bit of sheet 
brass g, to which are attached the metallic plate 7, already described, 
and two threads h,h, serving to suspend the pail D which receives the 
blood. A short horizontal piece of brass tube is soldered into the side 
of the tube Z, and passing out from the jar C through the rubber 
stopper m is united by a short piece of rubber connection with the tube 
which emerges at J from the jar A. The blood flowing from the left 
auricle falls, therefore, from the lower end of the tube £ into the pail 
D, which it gradually fills until it reaches the bend of the syphon }. 
The pai! then immediately empties itself, the blood collecting in the 
lower part of the jar 0, from which it may be drawn off by the stop- 
cock c. A second short horizontal brass tube is soldered to the tube Z, 
near its upper end, and passing out through the rubber stopper n, is 
connected by a rubber tube with one of the branches of the tube r, 
which enters the jar A through the stopper f. This second brass tube 
has no connection with the interior of the tube Z, but by means of a 
hole in its side at ¢ it establishes a connection between the interiors of 
the two jars A and @. The tube 7 has also two other branches, one of 
which is connected by rubber tubing with the air-tube of the Mariotte’s 
flask B, and the other with the mercury manometer G. By this means 
the three jars A, Band C are connected with each other and with. the 
manometer G, which records all variations of pressure in the triple | 
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combination. The vessels which deliver and réceive the blood are 
therefore always under the same pressure as the outer surface of the 
lungs, an arrangement which Quincke and Pfeiffer regarded as 
representing the natural condition of the pulmonary circulation. 

_ The rubber stopper at n, besides giving passage to the brass tube 
already described, is pierced by two wires which serve to connect the. 
binding screws o and p with a Grove’s cell K, and an electro-magnet 
H which records, by means of a pen writing upon a revolving cylinder J, 
the interruptions of the current caused by the sliding of the plate 7 over 
the screw-thread on the tube Z. The electro-magnet J records in the 
same way the interruptions of the current from the Grove’s cell L, 
caused by the seconds pendulum M breaking at every vibration a 
platinum contact at 6. The stationary pen s serves as above described, 
to draw a base-line for the manometer @. 

The experiments are performed as follows. The dog is bled to death 
and the blood defibrinated by an assistant. The lungs are in the mean- | 
time rapidly removed from the body and arranged with the proper con- 
nections in the jar A. The pulmonary vessels are then filled through the 
tube g, by means of a pipette; the rubber tube between / and m being 
temporarily compressed to prevent the blood from escaping. As soon 
as the blood appears at the top of the tube g, the rubber tube wu, already 
filled with blood, is at once connected with it, care being taken to avoid 
the entrance of air. By opening the stop-cock e, and removing the com- 
pression between / and m, blood will now flow through the lungs into 
the pail D. As soon as the flow is regularly established the lungs are 
expanded by aspiration through the tube r, and held expanded by 
closing’ the stop-cock d. As soon as a sufficient record has been made 
of the change in the rate of flow thus produced, the lungs are allowed 
to collapse by opening the stop-cock d. In some of the experiments, 
_ the lungs were never allowed to collapse completely, but kept at a 
minimal expansion represented by 6 mm. Hg., which is according to 
Donders the tension of the lungs in expiration. In experiments on 
expansion by inflation the arrangements are simplified by leaving the 
lungs i situ, the sternum and the costal cartilages being removed, and _ 
connecting the manometer G with the tracheal tube through which the 
lungs are inflated. The jar C is also dispensed with, the registering 
apparatus being arranged close to the side of the animal, so as to receive 
the blood coming from the left auricle. In these cases the pen con- 
nected with the manometer @ indicates expansion of the lungs by a 
rise instead of by a fall, as in cases of expansion by aspiration. 
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Numerical results’ can be obtained from curves such as are shown 
on fig. 4, in two ways: 


(1) The number of seconds occupied by the passage of a given 


quantity of blood under varying degrees of pulmonary expansion may 
be determined by direct count. 


(2) The quantity of blood flowing through the lungs in a given 


_ time can be ascertained in a similar way. 


Figures obtained in either of these two ways may be used for 
the construction of curves, which when placed directly over other 


curves showing the corresponding variations in the size of the lungs, 


Fia. 6. Inflation, 


exhibit in the clearest possible way the dependence of the pulmonary 
circulation upon dégree of expansion of the organs. Curves of this 
sort are shown in Figs. 6, 7, and 8. Thus Fig. 6 represents an experi- 
ment in which the lungs were expanded by inflation, the level of the 
blood in the Mariotte’s flask being 30 cm. above the origin of the 
pulmonary artery, the thorax open, and the lungs in situ. The ordi- 
nates of the upper curve express the varying times occupied by the 


passage of successive quantities (4 grams) of blood through the pul- 


monary vessels. Those of the lower curve represent the tension of 
the air in the interior of the lungs measured by a mercury manometer. 


It will be noticed that the zero line of the upper curve is above the 
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curve itself, and that the ordinates consequently increase downwards. 
This construction has been adopted in order that changes in the 
pulmonary circulation, whether expressed by the first or second of the 
above-mentioned methods, might correspond to similar alterations in 
the direction of the curves. An examination of the curves in Fig. 6 
shows that an expansion of the lungs caused by an increase of the 
tension of the air within them from 6 to 14 mm. Hg. about doubles, 
for a few seconds, the amount of blood flowing from the pulmonary. 
veins. ‘This temporary increase is followed by a — diminution — 
to about one-half the original amount. 

When the lungs are allowed to collapse to their former size, a tem- 
porary diminution and a permanent increase of the pulmonary circula- 
tions are noticed. Fig. 7 shows, in a similar way, the result of an 
experiment in which the lungs were expanded by aspiration of the air © 
from the jar in which they were contained, the ee being 
the same as in the last experiment. 


Fie. 7. Aspiration. 
Blood-pressure = 30 cm, 


In this figure the ordinates of the upper curve express the number 
of cubic centimeters flowing through the pulmonary vessels in 4”, while 
those of the lower curve show the negative tension of the air in the 

jar around the lungs. For the sake of uniformity with the experi- 
- ments on the effect. of expansion by inflation, this curve is so drawn — 
that a rise corresponds to an expansion of the lungs, though this would 
of course be indicated in the experiment by a fall of the mercury in 
the manometer. An examination of the curves in this fig. shows that 
the expansion of the lungs by aspiration produces the same effect upon 
the pulmonary circulation as the expansion by inflation, illustrated by 


PH. IL. 9 


~ 
i 
a 
4 
¥ 
WN 
f 
a 
4 
= 
‘ 


108 H. P. BOWDITCH AND G. M. GARLAND. 


the previous figure. The result of all these experiments was so con- 
stant whenever the somewhat complicated mechanical conditions of the 
problem were fulfilled, that it seems unnecessary to present any ex- 
amples other than those above given. 

The effect of expansion of the lungs on the pulmonary circulation 
is most marked at rather low blood-pressures (e.g. 30 cm., as in the 
above experiments). It is, however, by no means insignificant at much 
higher pressures, as a‘ glance at Fig. 8 will show. Here the supply of 
blood in the flask was 60 cm. above the pulmonary artery, and this 


vessel was consequently subjected to a pressure approaching that which 
prevails in the living animal. 


Inflation. 


inj? 


It was impossible to axporiment higher than 
60 cm., as the rapidity of the blood-stream became so great. pat the 
instrument failed to record ita variations with accuracy, 

The general results of these experiments may be stated : as. tallows. 
When defibrinated blood is made to. circulate through. the pulmonary — 
vessels, the atmospheric pressure upon the vessels. delivering and re- 
ceiving the blood being always the same as that upon the external 
surface of the lungs, the first: temporary effect of expansion either by 
inflation or by aspiration is to increase the amount of blood flowing 
from the pulmonary veins. This is soon followed by a diminution in 
the amount transmitted, which persists so long as the expansion is 
maintained. When the lungs are allowed to collapse there is a tem- 
porary diminution followed by a permanent increase in the amount of 
blood flowing through the pulmonary vessels’, 


1 Since these experiments were performed and these results recorded, a second article 
by Funke and Latschenberger has appeared (Pfliiger’s Archiv, xvi1. 547), in which 
these authors, experimenting with an apparatus having many points in common with the 
one above described, have reached the same conclusions in regard to the effect of expansion 
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The connection between the changes in the capacity of the pul- 
monary vessels, and their power to transmit blood, is obvious. Expan- 
sion of the lungs, by diminishing the size of the pulmonary vessels, 
presses out a certain amount of blood into the left auricle, and thus 
causes a temporary increase in the flow of blood. But the vessels when 
reduced in size afford a greater obstacle to the flow of the blood, and 
this very soon results in a permanent diminution in the amount of 
blood transmitted. When the — are allowed to collapse the opporite 

effects are produced. 

Since expansion of the elon whether effected by inflation or by 
aspiration, always produces the same retardation of the pulmonary 
circulation, provided the cavities from which the blood is received and 
into which it is delivered are under the same pressure as the external 
surface of the lungs themselves, it remains to be considered how far 
this condition prevails in the living animal. A discussion of this 
question will be attempted in a subsequent article. 


of the lungs on the pulmonary circulation ; but as no attempt was made by these writers 
to record the flow of the blood, the publication of this confirmation of their results cannot 
be regarded as superfluous. 
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ABSORPTION WITHOUT CIRCULATION. By B. F. LAU- 
TENBACH. 


(From the Physiological of Geneva.) 


A NUMBER of years have elapsed since Professor Goltz’ made his 
remarkable experiments respecting the influence of the nervous system 
on absorption, yet the results obtained remain still without a satis- 
factory explanation. Some experiments which I have recently made 
seem to give the required explanation, and to open a new field of 
inquiry in this interesting part of Physiology. 

About a year ago I repeated the observations of the distinguished 
Strassburg Professor. The method adopted was as follows: In two 
frogs the heart was exposed, and in one of the animals the entire 
central nervous system was destroyed. The frogs were now hung 
vertically, side by side, and a small narrow-stemmed funnel was passed 
through an opening made in the skin in the occipital region into the 


dorsal lymph-sac of each animal. The bulbus aorta was then cut in — 


each animal and the observation commenced, As the author of this 
experiment already observed, only a few drops of blood escaped from 
the animal in which the brain and spinal cord had been destroyed ; 
in the other animal, the bleeding was more abundant, and continued 
a short time after the section. When the bleeding ceased, 1 cub. 
centim. of the normal salt solution was injected into the lymph-sac 
of each of the frogs. In the animal with the central nervous system 
intact, the discharge from the opening in the bulb recommenced and 
went on increasing for over an hour. In the other frog the heart went 
on contracting, but there was no renewal of the discharge. In the 
frog with brain and spinal cord intact, the discharge ceased within a 
minute after the destruction of these organs. | 

Can this absence of absorption be explained by the paralytic 
relaxation of the blood-vessels which results from the destruction of 
the central nervous system? Such a relaxation occurs after destruc- 
tion of the medulla oblongata and the upper portion of the spinal cord, 
yet this operation did not in the least interfere with the flow of the 
liquid from the cut bulbus, nor did complete transverse section of any 

1 Pfliiger’s Archiv, Bd. v. p. 58, 
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portion of the spinal cord influence this flow. Is it not possible that 
the nerves exert a direct influence on certain cells which 
enables these to absorb substances independent of the 
circulation? The following series of experiments seem to show this: 

First series:—A ligature was placed around the thigh of a frog 
so as to allow the nervous impulses to travel to and from the centres, 
_ and yet prevent the blood from circulating in the leg, and the frog 
then placed with its posterior extremities in water; after a few 
hours the thigh and leg of the ligatured side began to swell, and 
continued to do so for several days. The leg frequently became 
three times its normal size. The extremity which was not ligatured — 
did not increase in size. 

On examining wk a swollen leg, a large quantity of a watery 
liquid is found under the skin, and the tissues beneath are found in- 
filtrated with water. 

Second series:—The ligatured leg was placed in a solution of 
strychnine instead of spring water. The swelling still occurred, but 
there were no general symptoms of poisoning. If the leg was now taken 
out of the strychnine solution, and after being carefully washed the 
ligature removed, tetanus and the other symptoms of strychnine poi- 
soning soon manifested themselves. Substances placed around such 
a ligatured leg must have been absorbed in spite of the want of 
circulation. 

Third series :—A weak solution of ferricyanide of potassium was 
injected into the ligatured leg, and the opening” made carefully closed. 
The frog was then washed and placed in water. After three or 
four hours the leg was found swollen, and the injected salt could be 
detected in the surrounding liquid. This shows that solutions of salts 
can pass from underneath the skin to the exterior after the stoppage 


of the circulation. 


It might seem from these observations that the phenomenon with 
which we have to do is one of simple osmosis; but that it is poet 
more than this is shown by the next series of experiments. 

Fourth series:—When the ligature of the leg of a dead frog was 
made under the same circumstances, no swelling occurred; nor did 
this phenomenon occur when the ligatured leg was cut off from the 
body and placed in water. 


1 The opening was made at a considerable distance above the part of the limb into 
which the salt was injected. A second ligature placed below the first — the 
material injected from passing out of the wound. 
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Fifth series :—Section of the sciatic nerve prevented the occur- 
rence of the swelling; section of all its roots had the same effect ; 
but after section of any two of its roots the swelling still oc- 
curred. 

Sixth series :—Destruction of the brain and upper portion of 
the spinal cord did not prevent the occurrence of the swelling in the - 
ligatured leg. 

Destruction of the whole spinal cord yrovented, while deshractivin 
down to the fourth vertebra only retarded the occurrence of the 
swelling. Complete destruction of the cord below the fourth verte- 
bra was after twenty-four hours followed by a moderate swelling in— 
the tied leg. 

_ Seventh series:—Transverse section of the cord in any part 
failed to absolutely prevent the occurrence of these phenomena. 

The passage of liquids from outside the skin to the tissues under- | 
neath could not in the above-mentioned observations be ascribed to 
mere osmosis, as this latter depends simply on the presence of a 
membrane and two liquids, and must occur even if the nervous com- 
munications with the membrane were destroyed. In the above 
observations, however, the passage of the liquids through the 
skin failed to occur when these communications no longer existed. 
That the obtained results cannot be explained by the influence of the 
.. nerves on the blood-vessels is also very apparent, as no circulation was 
present in the parts experimented on. 3 

‘The only other explanation that seems at all probable is that the 
nerves exert an active influence on certain cells of the skin in enabling - 
these to absorb “independently of the circulation. Granting such an 
influence, and it seems impossible to avoid it, the experiments of Goltz 
can be similarly explained. 

Are the nerves which convey this influence ordinary motor nerves ? 
It appears that this question must be answered in the negative. In 
a number of experiments one posterior extremity was tied in the man- 
ner above mentioned before curarization, and the other leg was tied 
when the curarization was complete. The frogs were now placed in 
water. Both legs swelled with equal rapidity, and ceased increasing 
in size when no reflex movements could any longer be excited in the 
leg first tied. The swelling occurred in spite of the paralysis of the 
motor nerves in the extremity last tied. 


May 7th, 1879. 
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ON PROTAGON. By Proressor ARTHUR GAMGEE, MLD., 
F.RS., and Dr ERNST RORN. 


(From the Physiological Laboratory of Owens College, Manchester.) - 


Part I. Historical and Critical. 


In the year 1865, Dr Oscar Liebreich published a memoir, in which 
he announced the discovery’ in the brain of a definite proximate 
principle containing phosphorus. 

- Unlike the numerous bodies possessed of ill-defined properties, 
which had by different writers received the names of cerebrin, cere- 
bric acid, lecithin or phosphorized fats, this new body could be 
extracted by an easy process in a state of purity, and to it, probably | 
to indicate it as the first definitely ascertained specific constituent of 
brain, Liebreich ascribed the name of Protagon (apwrayés). 

The substance was obtained by the following process :—An animal 
was bled to death from the carotid artery, and a stream of water was | 
pissed through the vessels of the head, so as to wash the blood out. 
The brain, freed from its membranes, was then pounded 1 in @ mortar 
. and shaken with ether and water at 0° C. 

It was allowed to stand at a temperature of 0°C. until the ether 
had separated, and this being removed, the treatment with ether was 
again and again repeated. The brain-matter, having been separated 
by filtration from ether and water, was digested with 85% alcohol 
at a temperature of 45°C. The fluid was filtered hot and allowed 
to cool at 0°C. A flocculent precipitate then separated, which was 
collected on a filter and treated with cold ether until it ceased to 
dissolve cholesterin. The insoluble mass was dried in vacuo, and 
then dissolved in spirit at 45°C. The alcoholic solution was filtered — 
and allowed to cool very gradually, when protagon separated in 
the form of microscopic needles, differing a little in arrangement and 
form, according to the concentration of the solution. The substance 


1 “Ueber die chemische Beschaffenheit der es. Ann. d. Chemie und 
Pharm. B. cxxxtv. 29. 
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thus obtained could be recrystallized repeatedly. As a result of his 
analyses Liebreich ascribed to protagon the formula C,,,H,,,N,O,,P. 

The number of determinations of carbon and hydrogen of which 
the results were communicated was nine ; the combustions were effected 
with oxide of copper in a stream of oxygen. The nitrogen determina- 


tions, three in number, were made by Dumas’ method, and the phos? Sal 


‘phorus determinations, likewise three in number, were made by in- 
cinerating the substance with a mixture of nitrate and carbonate of 
potassium, and determining the phosphoric acid formed as magnesium 


pyrophosphate. The — are all the results published by 
Liebreich: 


66-8 66-5 66:5 66-9 66-7 67-2 66-2 66:5 67-4 
11-7 11°5 11-7 126 11-1 11-7 11°6 11°9 11°9 

It will be observed that the ation detersniuatiiii: do ‘not: ‘agree 
very satisfactorily, that between the lowest (No. 7) and the highest 
(No. 9) there is a difference amounting to 12 per cent.; in two 
analyses (6) and (9).the carbon came out remarkably high, namely, 
in (6) °7, and in (9) ‘9 above the mean percentage of carbon deduced 
from the remaining seven determinations. 

The following exhibits the percentage composition of protagori 

according to Liebreich’s formula, and the mean of all Liebreich’: 8 
— 


C 
H 
N 


Caleulated for 

C 67°21 66°74 
H 11°59 11-74 
N 2-70 2-80 


According to Liebreich, protagon is soluble with difficulty in — 
cold, but more easily in warm alcohol and ether. At higher tem- 
peratures than 55°C. alcohol appears to decompose protagon. In 
water it swells and presents the appearance of an opaque jelly, ulti- _ 
mately dissolving, so as to form an opaque solution. Liebreich found 
that protagon was also soluble in glacial acetic acid, which deposited it 
again in a crystalline form on cooling. 

When boiled with a solution of barium hydrate, protagon is de: 
composed, yielding glycerinphosphoric acid, fatty acids, of which he 
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isolated in a state of purity stearic acid, and a base to which he gave 
the name of Neurine. This base, to the platinum compound of which 
Liebreich ascribed the formula ©,H,,NCI,Pt, is generally looked 
- upon as identical with the base which Strecker separated from the 
bile and termed Choline, and of which Wurtz, later on, made the 
synthesis, though there are, according to Strecker, good reasons for 
believing with Baeyer that the neurine from protagon is a mix- 
ture of two bases, of which only one is identical with choline. 

Liebreich’s Protagon was, for a sbort time, admitted to be a 
definite phosphorized constituent of the brain, and different observers 
‘began to seek for this new proximate principle in various liquids and 
solids of the body. 

Hermann announced its discovery in the blood-corpuscles, and 
connected many of the physical properties of these bodies with its 
presence'.. Hoppe-Seyler’* at about the same time directed his 
attention to the occurrence of cholesterin and protagon in the red 
blood-corpuscles, calculating the amount of the latter body (by Lie- 
breich’s data) from the phosphorus estimated as Mg,P.O,, which the 
ether-extract of the red blood-corpuscles contained. 

In a paper soon afterwards published in Hoppe-Seyler’s Untersu- 
chungen, by one of his own pupils, Parke’ ‘‘ On the Chemical composition 
of the Yolk of Egg,” in which the amount of protagon present was cal- 
culated by Liebreich’s data from the amount of phosphorus found in 
the alcoholic ‘extract of the yolk, the observation was made that, by 
calculation, more protagon was found than corresponded to the whole 
weight of the alcohol extract. 

In a paper immediately succeeding that of Parke’ s, Hoppe- 
Seyler‘ clearly expressed his conviction that the yolk of egg contains 
no protagon but lecithin, this being the name which Gobley had 
given to the chief phosphorized constituent of the yolk. He further | 
stated, that experiments made in his laboratory by Herr Jiidell had 
shown that the ether extract of red blood-corpuscles, besides choles- 
terin, contained a body, the amount of phosphorus in which corre- 


1 Hermann, Archiv fiir Anatomie und Physiologie, 1866, p. 33. - 
_ ® Hoppe-Seyler, ‘‘ Ueber das Vorkommen von Cholesterin und Protagon und ihre 
Betheiligung bei der Bildung des Stroma der rothen Blutkérperchen.” Medicinisch- 
chemische Untersuchungen, Heft 1, p. 140 (1866). 

8 Parke, ‘Ueber die chemische Constitution des Eidotters,” Med.-chem, Untersuchun- 
gen, Heft 2, p. 213. 

* Hoppe-Seyler, “ Ueber das Vitellin, Ichthin und ihre Beziehung zu _ Eiweiss- 
stoffen.” Med.-chem. Untereuohinigen, Heft 2, p. 215. 
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sponded to 8°259 of P.O, (that is to say, containing 3°6% of phosphorus), 
and which therefore could not be protagon. Hoppe-Seyler had by 
this time obviously commenced to entertain doubts as to the existence 
of protagon, though he did not commit himself to a denial of its 
presence in’ the brain; indeed, by implication he rather admitted his 
belief in its existence , (“Ob aber neben Protagon auch Lecithin sich 
in der Hirnmasse findet habe ich nicht untersucht”). 

Another of Professor Hoppe-Seyler’s pupils, Dr Diaconow’, 
now continued the investigation. 

In a paper on the bodies containing phosphorus whidh. are present 
in the hen’s egg and in the ova of the sturgeon, he came to the 
following conclusions : 

“(1) Gobley’s Lecithin und aus Vitellin und Ichthin stammende 
P-haltige Kérper geben beim Kochen mit Barytwasser dieselben Zer- 
setzungsprodukte wie Protagon. 

(2) Sie enthalten aber zweimal so viel P, als Protagon und sind 
also entweder davon ganz verschiedene Kérper oder ein Gemenge von 
Protagon mit einem andern P-haltigen K6rper. 

“ (8) Jedenfalls ist also Protagon nicht der einzige Phaltige orga- 
nische Korper der Organismen. 

(4) Die qualitativen Bestimmungen der Phosphorsiure in alcoho- 
lischen oder atherischen Ausziigen aus verschiedenen thierischen Orga- 
nen und Membranen reichen nicht hin, um die Existenz des Protagons 
daran zu beweisen. 

Das Quantum der in einem von Cholesterin wad 
Fetten befreiten Auszuge gefundenen Phosphorsiiure erlaubt keinen 
Schluss auf die Quantitat des Protagons.” 

A short time after the appearance of the preceding, Diaconow 
published a second paper*. “Das reine Lecithin stellt eine gelblich- 
weisse, wachsartige, in diinner Schicht ausgebreitet seidenglainzende, 
sehr hygroscopische Masse dar, welche in Aether und Alcohol léslich 
ist, in Wasser aufquillt und beim Schiitteln und Umriihren damit eine 
kleisterartige, schwer filtrirbare Lésung bildet. Beim Erhitzen ver- 
brennt sie vollstaéndig und hinterlasst als alleinigen Riickstand Phos- 
phorsiureanhydrid. Die aus den durch Elementaranalysen erhaltenen 
Zahlen (C= 64279; H=11:'4; N=18; P=3°8) berechnete che- 

1 Hoppe-Seyler, Ibid. p. 220. 


_ ® Diaconow, “Ueber die phosphorhaltigen Kérper der Hiihner- und Stireier ” (Vor- 
liufige Mittheilung). Hoppe-Seyler, Med.-chem. Untersuchungen, Heft 2, p. 221. 

_ §% Diaconow, ‘‘ Ueber die chemische Constitution des Lecithin,” Centralblatt fiir die 
med. Wissenschaften, 1868, No. 1, p. 2. 
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mische Formel des K6rpers ist C,,H,,.NPO,+ Aq.” When decomposed, 
Diaconow’s lecithin yielded glycerinphosphoric acid, stearic acid and 
neurine, the very same, and indeed the only, bodies which Liebreich 
had obtained from protagon. 

Diaconow had in the meantime directed his investigation to the 
brain, and one month after his first paper in the Centralblaté there 
appeared a second’, which has exerted a most weighty influence, causing 
physiological chemists to come to the conclusion that Liebreich’s 
protagon does not exist as a definite proximate principle, but that 
it consists of a mixture of lecithin with a body free from phosphorus, 
cerebrin. 

This paper is of so much importance in reference to our own 
investigations, that we shall not scruple to examine it somewhat in 
detail. The method pursued by Diaconow in his separation of 
lecithin from the brain was the following :—‘ Von Blut und Hauten 
befreites, fein zerriebenes Kuhhirn wurde zuerst wiederholt mit Aether 
ausgezogen, die zuriickgebliebene Masse mit absolutem Alcohol bei 
40°C. behandelt, der erhaltene alcoholische Auszug auf 0° erkalten 
_ gelassen, der dabei ausgeschiedene Niederschlag abfiltrirt und nach Aus- 
waschen mit wenig kaltem, absolutem Alcohol noch einmal mit Aether 
ausgezogen. Ein Theil der Substanz loste sich dabei in Aether auf, 
wahrend ein anderer, das Protagon als Riickstand zuriickblieb ; derselbe 
wurde wiederholt mit Aether bei gewébnlicher Temperatur ausgezo- 
gen, der Aether von séimmiélichen Ausziigen abdestillirt, der Riick- 
stand bei 40° méglichst getrocknet und in wenig absolutem Alcohol 
aufgelést. Beim Erkalten der Lisung bis zu —7° zu —10°C. schied 
sich eine weisse Substanz aus, welche die Zusammensetzung und 
Eigenschaften des Lecithin ergab. Die Substanz ist amorph, nicht 
pulverisirbar, hygroscopisch, quillt mit Wasser und bildet beim Schiit- 
teln damit eine Emulsion; sie hinterlasst auf einem Platinblech ver- 
brannt Phosphorséure Anhydrid. , Beim massigen Kochen mit Kalk- 
oder Barytwasser spaltet sich die Substanz in der Weise, dass sich 
neben stearinsaurem und glycerinphosphorsaurem Baryum (resp. 
Calcium) Neurine bildet. Die Analyse der von Cholesterin und Pro- 
tagon modglichst befreiten Substanz ergab 

1, 0,0678 Substanz gab 0,0083 Mg. P.O, = 


2. 0,0985 ” ” ? ”? =7,9 ” 


1 Diaconow, “Das Lecithin im Gehirn.” Centralblatt fiir die medicinischen Wissen- 
schaften, 8th Feb., 1868, No. 7, p. 97. 
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Die Formel des Lecithin C,H,,NPO, braucht 8378} 20% und 
11708 N. 

What relation, inquired Diaconow, does the lecithin thus pre- 
pared bear to Liebreich’s protagon? “———... so ist das Letztere 
meiner Ansicht nach ein ganz phosphorfreier K6érper, dessen Phos- 
phorgehalt nur auf einer Verunreinigung mit Lecithin beruht.” “Der 
Umstand,” he continues, “ dass das Lecithin aus seinen Lésungen sobald 
sich irgendwelche Niederschlage darin bilden, mit solchen zu Boden 
fallt, macht den P-gehalt der verschiedensten, aus Gehirn, Eidotter, 
Blut &c., stammenden Korpern erklarlich ; aus diesem Grunde sind zum 
Beispiel das aus dem Gehirn gewonnene Cholesterin, die. aus den 
Muskeln erhaltenen milchsauren Salze u.s. w. P-haltig. Die genannte 
Eigenschaft des Lecithin erklart hinlanglich die Natur der krystallini- 
schen, P-haltigen Niederschliige, welche Hermann aus Blutkérperchen, 
Fischer aus Eiter, Kiihne aus Aetherausztigen von Kiern erhielten 
und fir Protagon erklirten; hieher gehéren auch die P-haltigen, kiirz- 
lich von Kéhler als Myeloidin und Myeloidinséure beschriebenen 
Kérper. Von demselben Umstande hingt nach meinen Versuchen der 
P-gehalt des Protagons selbst ab. 

“ Stellen wir uns vor, dass im Gehirn neben Lecithin sich ein phos- 
phorfreier K6rper findet, welcher in warmem Alcohol and Aether loslich 
ist und schon beim miassigen Abkihlen der Lésungen sich ausscheidet: 
ein solcher Kérper muss bei dem beschriebenen Behandeln des Gehirns 


-mit dem Lecithin zusammen in den Alcoholauszug tibergehen und beim 


Erkalten desselben damit zusammen niederfallen; warmer Aether muss 
dann den Niederschlag vollstiindig lésen und bei Abkiihlen der P-freie 
Kérper ' sich ausscheiden; Lecithin aber in Lésung bleiben. Die 
ausgeschiedene Substanz muss dabei nothwendig einen Theil des 
Lecithin aus der Lésung enthalten, und so erklirt sich der P-gehalt 
dieses als Protagon bezeichneten Gemenges.” — 

That this reasoning was in the highest degree specious and 
that it has proved in the highest degree misleading will we think be 
apparent to all who read the results of our investigation, as detailed 
in the second part of this paper. We shall in this place merely call the 
reader’s attention to the fact that Diaconow’s position would have 
required him to show, firstly, that the amount of phosphorus contained 
in this supposed mixture was liable to great variation; secondly, that 
by treatment with cold ether or cold absolute alcohol, in which lecithin 
is readily enough soluble, a protagon free from phosphorus was obtain- 
able; or thirdly, and still better, that on recrystallising protagon 
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several times from alcohol, the amount of phosphorus contained in the 
body diminished and ultimately disappeared. But what were the actual 
facts upon which Diaconow founded his bold statement? We shall 

quote them in succession, appending our criticisms to each. : 

(1) “Nach der Liebreich’schen Formel muss Protagon 3°428¢ P.O, 
geben, wahrend nach Erschépfung desselben mit Aether der P.O, gehalt _ 
nur betragt.” 

It might have occurred to Diaconow that a protegon containing 
phosphorus might exist, and that Liebreich’s facts might be substan- 
tially quite correct, and yet that a slight discrepancy in the phosphorus 
found by the two observers might exist, especially if the one employed 
in his analyses such imprudently small quantities of substance as 
Diaconow did, who in his phosphorus determinations of lecithin 
from brain used in one analysis 0067 grms. of substance, and in a 
second 0:098 grm. Had Dr Diaconow reflected he would have found 
that 2°349 of P.O, corresponds to 1:029 of phosphorus, and had he 
examined Liebreich’s analyses he would have found that in the only 
., three determinations of phosphorus made, the amount found was 1°12, 
1:19 and 1°58 respectively, and that the fact of his thoroughly extracted 
protagon containing 1°02 of phosphorus proved rather that Liebreich 
had been imprudent in assuming his one highest result to be correct,: 
than that protagon really consists of a body containing no phosphorus 
mixed with lecithin. 

(2) “Der P-gehalt des durch Aether ausgezogenen Protagon sinkt 
beim Umkrystallisiren aus warmem Alcohol noch mehr. Dabei geht in 
den Alkohol eine Substanz iiber, welche bei Verbrennung mit Salpeter 
und Soda 7,4$ P,O, liefert.” 

This statement is in the highest degree indefinite, and therefore | 
unsatisfactory. The temperature of the warm alcohol is not stated ; it 
is not stated, for instance, that it was not higher than 55° C., the tem- 
_ perature at which Liebreich stated emphatically that protagon existing 
in alcoholic solution underwent decomposition; the time during which 
the digestion was continued is also not given, nor is there an analysis of 
the body which had undergone digestion. Admit, and the admission 
would not appear at all an impossible one to a eautious mind, that 
_ protagon is a much more complex body than lecithin, and which when 
heated for lengthened periods with alcohol and ether, yielded lecithin 
as a product of decomposition, then such a result as Diaconow obtained 
would be most naturally explained. 

(3) “Behandelt man das Protagon mit viel warmem Wasser und 
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dann die triibe Losung wiederholt mit Aether, so fallt dabei der 
P-gehalt des Protagon noch weiter. Auf diese Art gewann ich Protagon 
dessen P.O, Gehalt nur 1°59 war.” 

Could any statement be more loose? could any reasoning be more 
absurd, than that founded upon such an experiment ? What is “much > 
warm water”? Are there not many bodies which, if digested with 
“much warm water,’ would undergo decomposition, and which are 
yet known to us as perfectly characterized chemical individuals ? 

(4) The last fact on which Diaconow relied was the following, though 
(apart from the interest which attaches to it for other reasons) what 
possible bearing it has upon the question we fail entirely to perceive. 
“ Kocht man das Protagon mit Barytwasser und zieht man nachher den 
dabei entstandenen weissen Niederschlag mit heissem Alcohol aus, so 
erhalt man in der alkoholischen Lésung grosse Mengen einer Substanz, — 
welche beim Erkalten des Alcohols sich ausscheidet. Die Substanz 
ist ganz neutral, quillt in heissem Wasser und lést sich in heissem 
Alcohol und Aether, nicht aber in kaltem, auf. Beim Verbrennen 
hinterlasst die Substanz keine Asche und enthilt keinen Phosphor. 
Weiteres Kochen mit Barytwasser verdndert die Substanz nicht. Mit 


Schwefelsiiure behandelt reducirt dieselbe Kupferoxid. Neben der | 


Substanz findet man in dem mit Barytwasser erzeugten Niederschlage 
Barytseife und in der Lésung Glycerinphosphorsiiure und Neurin. Es 
ist also klar dass beim Behandeln des Protagon mit Aetzbaryt sich nur 
das beigemischte Lecithin in seine Componenten spaltet, das P-freie 
Glycosid bleibt aber unverindert. Auf diese Weise wird es erst ver- 
stiindlich, dass das Protagon welches Liebreich beim Kochen mit — 
Baryt neben Glycerinphosphorsiiure und Neurin noch Fettsiuren gab, 
bei einer anderen Behandlung einen Zucker geliefert hat.” 

Diaconow looked upon the body obtained by boiling protagon with 
baryta-water as the body free from phosphorus which, when mixed with 
lecithin, forms the so-called protagon. Was it not at least as likely 
that protagon when boiled with caustic baryta, split up.into non-phos- 
phorized glucoside and into lecithin, which immediately decomposed? _ 

But Diaconow did not take to himself the credit of discovering 
the non-phosphorized constituent of brain. “Der P-freie Korper des 
Gehirns war schon lange bekannt. Mehr oder weniger mit dem 
Lecithin verunreinigt wurde der Ko6rper von Fremy und von Bibra 
beschrieben. W. Miiller, welcher das Gehirn mit Baryt oder Blei 
behandelte und den alkoholischen Auszug aus den dabei erhaltenen 
Niederschligen untersuchte, hat den Kérper, wie es scheint, ganz 
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rein erhalten, analysirt, beschrieben und Cerebrin genannt.” In the | 


above sentence “ behandelte” really means boiled. 

Here then we find developed a view which without being sub- 
_ jected’to»more searching investigation has been universally adopted, 
which we may express in the following terms:—The body obtained 
by Liebreich, and by him termed Protagon, is no definite chemical 


compound, but a mechanical mixture ‘of Diaconow’s lecithin with 


Miiller’s cerebrin. 


But what is Miiller’s cerebrin? A body most imperfectly known, 
obtained by its discoverer by pounding up brains with baryta-water to 
the consistence of a thin milk and then boiling; a precipitate forms 
which is extracted with boiling alcohol. On cooling, the fluid deposits 
an abundant precipitate. This is treated with ether to separate choles- 
terin and fats, and then recrystallised from boiling alcohol. The 
purified body possesses, according to Miiller, the following charac- 
ters :—“ Weisses, lockeres, sehr leichtes Pulver, ohne Geruch und 
Geschmack, léslich in kochendem Weingeist und Aether, in der 
Losung ohne Reaction auf Pflanzenfarben, unlislich in Wasser, kaltem 
Alcohol und Aether. Microscopisch untersucht, die Form kleiner 
rundlicher Kugeln darbietend.” Of this body Miiller published 
analyses which led to the formula C,,H,,NO,. It is to be remarked 
that only two carbon determinations were made. But what right have 
we to assume, that a body obtained by boiling so complex a mixture as 
brain with caustic baryta, is a proximate principle of the brain at 
all, ¢.e. that it exists preformed in the brain? To us tke surmise 5 
pears as bold as it is improbable. 

Liebreich’s protagon was described by its discoverer as a white 
non-hygroscopic substance, which could by suitable treatment be ob- 
tained in a crystalline form, and this description will be shown in 
the second part of this paper to be absolutely exact. Cerebrin is, 
according to Hoppe-Seyler, a highly hygroscopic body’. Lecithin is 
a non-pulverizable, yellowish-white highly hygroscopic body*. Is it not 
strange that two highly hygroscopic, usually amorphous, bodies should 
when mixed give rise to a constantly crystallizable and absolutely 


1 “ Auf diese Weise dargestellt, bildet das Cerebrin ein leichtes, weisses, sehr hygro- 
scopisches Pulver, &c.” Hoppe-Seyler, Handbuch der physiologisch- und pathologisch- 
chemischen Analyse, 3te Aufl., 1869. 

2 “Das reine Lecithin stellt eine gelblich-weisse, wachsartige, in diinner Schicht 
ausgebreitet, seidengliinzende, sehr hygroscopische Masse dar, &c.” Diaconow, . “* Ueber 
die chemische Constitution des Lecithin,” Centralblatt, 1868, p. 2. 
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non-hygroscopic mixture? But this is exactly what would be the 

case were the hypothesis of Diaconow correct. | 
We have shown that the researches of Parke and Diaconow were 
conducted under the direction of Professor Hoppe-Seyler, and this 
distinguished investigator had expressed his grave doubts as to the 
existence of protagon. In a paper published in the last part of his Un- 
tersuchungen’, Hoppe-Seyler expresses himself as follows in reference 


to protagon: “Ich glaube mich dafiir entscheiden zu miissen, dass 


dieser letztere Kérper ein Gemenge eines phosphorfreien Glucosids, des — 
Cerebrin mit Lecithin und nicht eine besondere Verbindung beider ist, 
aus folgenden Griinden. Lecithin wird aus seinen Lésungen durch ver- 
schiedene sich bildende Niederschlage niedergerissen z. B. bei der Ausfal- 
lung von Eiweissstoffen, ferner gelingt es weder aus dem Kiter, noch aus 
der Nervenmasse ein Protagon von bestimmtem, auch beim Umkrystal- 
lisiren aus warmem Alkohol bleibenden Phosphorgehalt darzustellen. 
Andererseits ist es zwar auffallend, dass auch éfteres Umkrystallisiren 
dieses Kérpers nicht geniigt, den Phosphorgehalt véllig verschwinden 
zu lassen, wie man es doch bei der leichten Lislichkeit des Lecithin 
in kaltem Alkohol annehmen sollte, aber wenn man in einer warmen 
Lésung von Lecithin in Alkohol phosphorfreies Cerebrin auflést, 
filtrirt und erkalten lasst, so scheidet sich phosphorhaltiges Cerebrin 
aus und es ist doch wohl nicht anzunehmen, dass beide Stoffe zu 
Protagon sich vereinigen kénnen, wenigstens scheint die Erklarung 


_ einfacher, dass das ausfallende Cerebrin analog den Globulinstoffen 


Lecithin niederreisst. 

“In dem nach Extraction mit kaltem Weingeist und dfterer Be- 
handlung mit Aether aus dem Riickstand mit heissem Alkohol ausge- 
zogenen, beim Erkalten ausfallenden Cerebrin, wurde durch Schmelzen 


.. mit Salpeter und Soda u. s. w. gefunden an der zuerst ausfallenden 


ortion 2°34, in der zweiten 2:27 in der letzten 3442 P.O. Das 
Cerebrin, welches sich zuerst in deutlichen Nadeln ausscheidet, enthilt 
weniger Phosphor, als das nach vorsichtigem Eindampfen bei 60° sich 
als amorphe, etwas klebrige Masse ausscheidende.” 
In subsequent writings Prof. Hoppe-Seyler has, without, so far as 
we are aware, adducing any new facts, repeated his convictions as to 
the nature of protagon’*. | | 


1 Hoppe-Seyler, “Ueber die chemische Zusammensetzung des Eiters. Ueber 
die phosphorhaltigen Substanzen des Eiters.” Med.-chem. Untersuchungen, Heft 4, p. 487. 
2 “Das von Liebreich beschriebene, aus Gehirn dargestellte Protagon ist nach 
Diaconow und des Verfassers Ansicht ein solches Gemenge von Lecithin und Cerebrin,” 


3 
a 
4 3 
i 
| 
i 
| 
| 
| = 
| 
| 
| 
q 
| 
| 4 
ay 


ON PROTAGON, 123 

Before leaving the writings of Prof. Hoppe-Seyler, for whose 
opinions we are naturally ready to express all the deference which his 
splendid labours as a physiological chemist entitle him to, we have 
to remark that the one fact mentioned by him which strikes us as 
most deserving of attentive study on the part of those who take up 
_ the position which we have adopted, is the remarkable one that cere- 
brin crystallizing from an alcoholic solution containing lecithin acquires 
phosphorus which cannot be removed from it, and the amount of 
which corresponds very closely to that which protagon contains when 
pure. It appears to us that the fact is much more naturally ex- 
plained on the supposition of the formation of a compound than on 
the hypothesis of a mixture which solvents cannot attack. Our 
great points of contention, however, at this stage, when we are con- 
sidering the labours of our predecessors from the point of view of 
critics and not yet as experimenters, are Ist, that an assumption is 
made that there exists preformed in the nervous tissue a body having 
the composition of Miiller’s cerebrin, whilst that body has only been 
obtained by the action of caustic baryta, and at boiling temperature 
upon brain, and 2nd, that even assuming a mixture of cerebrin and 
lecithin to be made, it would have neither the composition nor the pro- 
perties of Liebreich’s protagon. 

After Hoppe-Seyler, Strecker, in his well-known investigation 
on lecithin, committed himself to the view of Diaconow and Hoppe- 
Seyler, obviously relying entirely upon the facts and reasoning which 
had been advanced by these authors; still not without a cautious 


expression’ of the possibility of protagon being a be a compound of 
lecithin and cerebrin’®. 

Hoppe-Seyler, Handbuch der physiologisch- und pathologisch-chemischen Analyse, 
3te Auflage, 1870, p. 130. In his recently published Physiologische Chemie there is no 
mention of protagon except to the effect that the phosphorized substance described by 
the author as protagon and said to be constantly present in developing cells had been 
recognized as identical with lecithin. Physiologische Chemie, Berlin, 1877, I. Theil, 
p. 79, footnote. | 

1 “Die Analysen des Protagon von Liebreich verglichen mit der Zusammensetzung 
des Cerebrins (nach Miiller) und der des Lecithins (nach Diaconow) bestitigen die 
von Diaconow ausgesprochene Ansicht dass das Protagon ein Gemenge (oder eine 
Verbindung?) von Lecithin und Cerebrin ist.” Adolph Strecker, “Ueber das Lecithin,” 
Ann, d. Chem. und Pharm, Neue Reihe, Bd. 72, p. 77. 

2 Gorup-Besanez (Lehrbuch der physiologischen Chemie, 4te Auflage, 1878, p. 181) 
referring to Liebreich’s Protagon says ‘‘ Der aber nach den Untersuchungen von Hoppe- 
Seyler, Diaconow und Strecker ein Gemenge von Cerebrin und Lecithin zu sein 
scheint.” This statement is not quite correct, as Strecker merely expressed an opinion, 
and contributed no facts bearing directly upon the question at issue. 
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The only remaining observations which we have to refer to are 
those of Bourgoin and Thudichum. The former of these two 
authors’, in a short note, pretends to have obtained phosphorus-free 
cerebrin from protagon, by dissolving protagon in strong alcohol and 
gradually raising the temperature. The cerebrin, according to the — 
author, dissolves before ebullition, leaving a viscous residue adhering 
to the sides of the vessel. The solution being decanted deposits cere- 
brin, which may be repurified by a repetition of this treatment. The 
above statements are absolutely incomprehensible to all who have 
studied the action of alcohol on protagon. The cerebrin which M. 
Bourgoin pretends to have obtained is not Miiller’s cerebrin, as it 
contains more than 2 p.c. more carbon, and only half the percentage of 
nitrogen. The complete absence of all experimental data, or of any 
description of this new cerebrin, and several other circumstances, 
cause us to pass over this note as having no bearing upon the 
question; | 

The immensely elaborate investigations of Thudichum’ are doubt- 
_lessly known to all interested in the chemistry of brain. Under the 
name cerebrin, Thudichum describes a class of nitrogenous bodies 
free from phosphorus, which he believes to exist in the brain. Certain — 
of these bodies he obtained by following substantially Miiller’s 
process; others by extracting brains with alcohol at 45°C., and 
purifying the substance obtained by various solvents. . He believes 
Miiller’s cerebrin to be the lowest representative of a group of 
nitrogenous principles of the brain which are free from phosphorus, con- 
tain nitrogen, and vary in the number of carbon atoms which they 
contain, for each nitrogen atom, between 17 and 48. ‘“ Whatever 
may be the ultimate explanation of these differences of composition 
must be left for future inquiry. Meanwhile it is certain that these 
differences do but slightly affect the external appearance and bearing 
towards solvents of these bodies, so that by describing the general 
properties of one we describe the general properties of all members 
of the group, while differentiating characters and means are most diffi- 
cult of discovery and application.” 

“The cerebrins are all soluble in hot alcohol, particularly in absolute 


1 Bourgoin. ‘Note sur la purification de la Cerebrine;” Bulletin de la Société - 
-Chimique de Paris, Année 1874. Nouvelle Série, T. xx1. p. 482, 

2 Thudichum. “ Researches on the Chemical Constitution of the Brain,” Reports 
of the Medical Officer of the Privy Council and Local Government Board, London, 1874, 
pp. 113—247. 3 
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alcohol, and deposited on cooling ; they ate very little soluble in cold 
absolute aleohol, much less soluble indeed than tnyeline, which éan thus — 
be separated. from the cerebrins. The mixture is dissolved in hot 
alcohol and allowed to cool; neatly all cerebrine falls down, much 
myeline remains in solution. The deposit is separated from the liquid, 
and subjected to this treatment until it is free from phosphorus.” : 

According to Thudichuim, therefore, Liebreich’s protagon, if 
repeatedly crystallised from alcohol, would lose phosphorus, and ulti- 
mately be obtained free from that element. He indeed expresses 
himself categorically in reference to the nature of protagon as follows: 
“A mixture of much cerebrin, phrenosin, kerasine with myeline and 
some kephaline, also some cholesterine, and was, therefore, mainly 
Couerbe’s cérébrote, Fremy’s cerebric acid, but contained a little 
more myeline than those preparations, which raised its phosphorus a 
little higher, &c.*” 


Part II. Experimental. 


IT was in the summer of 1877 that one of us itt Conjunction with Mr 
Leopold Larmuth, a student in the Physiological Laboratory of 
- Owens College, determined upon reinvestigating the question of the 
existence or non-existence of Liebreich’s protagon. With this object 
his method of preparation was repeated with scrupulous exactitude, the 
brains of dogs and horses being employed in the research. 
? In this preliminary set of experiments the most scrupulous eare was — 
taken to avoid all possible decomposition of unstable bodies. In the 
case of dogs, the animal was anaesthetized, and then bled to death and the 
blood vessels of the brain washed out with iced salt solution until the — 
temperature of the head had fallen near 0°, and the water returned from 
the veins colourless. The head being sawh in two in the middle line, 
the brain was removed, placed in ice and salt, and when frozen, pounded 
in a mortar, and subsequently subjected to the process. — by 
Liebreich. 
‘The results of that preliminary investigation shewed that by Lie- 
breich’s process there is always obtained a body having the physical 
properties of protagon, and containing phosphorus.in a proportion suffi- 
ciently close to that indicated by him ; it was found that the amount of 
atta ne in specinrens of protagon, which had been crystallised four 
1 Thudichum, loc. cit. p. 182. 
Thudichum, cit. p. 209. 
10—2 
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or five times out of alcohol was not smaller than that present in pro- 
tagon which had been only once crystallised, though a thorough 
treatment with ether preceded every crystallization, These first ex- 
periments in 1877, so far as they went, were perfectly satisfactory. It 
appeared, however, quite essential before forming a definite opinion, to 
extend them very considerably, and especially to prove the definite 
nature of protagon by a large number of analyses, indicating not only 
the amount of phosphorus, but also of the other elements present in 
protagon. 

This investigation we have been able lately to carry out with all 
the minuteness which we deemed requisite, and we now publish the 
results obtained, before proceeding to _ the products of decom- 


position of protagon, 


Process employed in the preparation of Protagon in the 
present research. 


At first we commenced by repeating exactly the process of Lie- 
breich in all its details ; one of the steps of that process we had always — 
found fraught with the greatest difficulty, and we soon found that it 
could be dispensed with, without in the least interfering prejudicially 
with the result. 

The step to which we refer consists in agitating the fresh pounded 
brain repeatedly with water and ether at 0°, so long as the ether 
dissolves considerable quantities of substance, then filtering and placing 
the insoluble matter into 859 spirit at 45°, When pounded brain is so 
treated with water and ether it swells up very much, and the separa- 
tion of the ether is most incomplete. 

The process of filtration is one, too, which is attended with the 
greatest difficulty, even when carried out in the only way in which we > 
found it possible, viz. in the woven woollen bags which are sold in 
England for household purposes, as “jelly bags.” 

We caused a small model of the centrifugal hydro-extractor used in 
sugar-refineries to be constructed, which was driven by the laboratory 
steam-engine, and which we employed for some time to separate the 
portion of brain, insoluble in water and ether, from these fluids, It 
was however obvious that, however prolonged, the ether washing never 
succeeded in freeing the brain from cholesterin and other matters soluble 
in ether, and that the removal of these bodies from protagon was most 
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readily effected at a subsequent stage of the operations. As ultimately 
modified our.process was as. follows : 
_.s. Perfectly-fresh ox’s brains were freed from blood and adhering 
tnisinbrasies as completely as possible, and were then digested for 
many hours (generally 18 to 24 hours) with 852 alcohol in a large 
incubator kept constantly at 45°. The fluid was filtered hot, and 
the insoluble brain-matter was again treated with fresh quantities of 
spirit, the proceeding being repeated four or five times (the process of 
digestion with hot alcohol always extending over many hours) or indeed 
so long as on cooling the filtrate to 0° there separated a yellowish-white 
flocculent precipitate. This precipitate was collected on a filter, and 
being then transferred to a stoppered bottle, was well agitated with 
ether in order to dissolve the cholesterin, The ether having been 
removed partly by decantation and partly by filtration, the substance 
left undissolved by it was first of all dried between sheets of Swedish 
paper in air and then over sulphuric acid or phosphorus pentoxide. 
The resulting mass which had a snow-white colour, was reduced to 
powder moistened with a little water, and digested for some hours in 
~ alcohol heated to 45°. From the filtered liquid, if this be allowed to 
cool very gradually, the protagon separates as Liebreich described, 
in the form of microscopic crystals mostly arranged in rosettes, the 
appearance and arrangement of which differ somewhat, as Liebreich 
very exactly pointed out, according to the degree of concentration of the 
solution. The once crystallized protagon thus obtained was collected on 
a filter, washed with ether, and dried first of all in air, and ultimately 
over phosphorus pentoxide. It was then recrystallised as many times 
as required, the process always commencing by pulverizing and finishing 
by thoroughly shaking with cold ether. 


Results of the Ultimate Analysis of Protagon. 


It appeared to us of special importance not merely to subject to ulti- 
mate analysis several different samples of protagon, but also to subject 
to ultimate analysis protagon afer the second recrystallization, and the 
same protagon after being "ollie 83 ird time. 

In our research the combustions for the determination of C and H 
were all made with lead chromate, with an abundance of reduced copper 
in the fore part of the combustion tube, a slow stream of air being 


passed through the apparatus at the close of the combustion. 
The nitrogen determinations were all made by Dumas’ method ; 
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the phosphorus determinations were in part made by Carius’ method, 
in part by fusion with sodium carbonate and saltpetre, all possible 
| precautions being employed. The results of every combustion, except 
two in which unavoidable accidents occurred, are given below, 


The analyses gave the following results:— 


No, 1. Twice recrystallised protagon from ox-brains. 


0-288 grms. of substance gave 9°702 grms, of CO, corresp, to 0°1914 grms. 


or 66-469 of 


0-288 grms. of substance gave 0-284 grms. of HO corresp. to 0031 grms. 
or 10°96% of H. 

Q:355, grms. is substance gave Foc. of N (at standard temp. and pressure) 
or 2" 

0-296 grms. of substance (by Carius method) gave 0:0116 grms. of Mg,P.O, 
corresponding to 1°094> of P. wis 


No. 2. Twice crystallised protagon from ou-brains (same sample as No. 1). 


gave 0-747 grms. of CO, corresp. to 0:20372 grms. 


or 66°583 of C 


0-306 grms. of substance gave 0°2955 grms, of H,O corresp. to 0-0326 grms._ 
or 10-728 of HL 


0:262 grms. of substance gave 2 c.c. of N =0-0068 or 2°69 N. 


0-3025 grms, of substance gave (by Carius’ method) 0-012 grms. of Mg,P,0, 
corresp. to P. 


No. 3. Twice crystallised protagon from ox-brains (different sample). _ 
0:284 grms. of substanee gave 0-691 grms. of CO, corresp. to 0°1884 grms. 
or 66°348 C. 


0284 grms. of gubstanee gave 0-270 grms. of H,O eorresp. to 0°03 grms. or 
10-569 H. 
0-388 grms. of substance gave 8 c.c. of N =0-00934 grms. or 2°4° of N. 


0-782 grms. of substance gave 0°0291 of Mg_P.O. corresp. to 1°032§ of P. 


No. 4; Zwice crystallised protagon from ox-brains (same sample as No. 3). 
0-2968 grms. of substance gave 0°722 grms. of CO, corresp. to 0°196 grms. or 
66°359 C. 


0-2968 grms. of substance gave 0-288 grms, of H,O corresp. to 0-032 grms. or 
10°78° H. 


05368 grms. of substance gave 0-02 grms. of Mg = 1:081$ P. 


No. 5. Once crystallised protagon from. dog’s brain. 


0-305 grms, gave 0°7415 grms. of CO, corresp. to 0-2022 grms. or 66°39 C. 
0°305 grms, gave 0:289 grms. of H,O corresp. to 00321 grms. or 10°522 H. 


No. 6. Once crystallised protagon from dog’s brain (same as No, 5). 


0:25 grms, gave 0°6103 grms. of CO, corresp. to 0°1665 grms. or 66°62 C. 
025 grms, gave 0°249 grms, of H,O corresp. to 0°0276 grms, or 11° 0668 H. 
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No. 7. Four times crystallised protagon prepared in 1877 
by Mr Larmuth, 


grms. gave 0°5201 grms. of CO, corresp. to 0:1418 grms. or 66-262 C. 
0°214 grms, gave 0°202 grms, of H,O corresp. to 0°0224 grms, or 10-48 H. 


No. 8 Three times crystallised protagon (prepared by recrystallising the 
body which furnished the samples used in sabia 3 and 4). 
0-214 grms, of substance gave 0:5203 grms. of CO, = 0°1419 grms, or 66: 
0:214 grms, of substance gave 0:2015 grms. of H,O =0-0224 grms. or 1 
of H. 
0-48 grms. of substance gave 9-7 c.c. of N=0-01098 grms, = 2:299 N. 
.0°5164 grms. of substance gave 0-019 grms. of Mg,P,O, = 10272 of 


The results are shewn in a tabulated form below. 


Protagon once Three Four 
recrystallised. Protagon twice recrystallised, 
(Dog.) (Ox.) (Horse.) 
No. 5. No.6. No.1. No.2. No.8 No.4. No, 8. No. 7. 
C 663 666 6646 66:58 66:34 66°35 66°3 66°26 
H 1052 11°06 1096 10°72 10°56 10°78 10°467 10°48 
N eee eee 2°6 2°40 ees 2°29 eee 
1094 1:107 1032 1:081 1-027 


From the above numbers we have deduced for protagon the empi- 
rical formula C,,,H,,,N,PO,,." 
Calculated Mean found. 


1920 66-45 66:39. 

308 10-66 10°69 

N, 70 2:39 

P 17 1-068 

O,, 560 19°40 
2889  100°00 


Only three determinations of phosphorus were published by Lie- 
breich, which gave the following results : 1:1, 1'1 and 1°5 p.c. He seems 
to have assumed the highest result to have been correct, whilst as 
appears from our perfectly concordant and more numerous results, the 
lower numbers were almost exactly correct. 


1 Liebreich assigned to Protagon the formula C,,,H,,,N,0,.P. 


cu R ean foun 7 
Cire 67°21 66°74 
Hey 11°59 11°74 
N, 2°70 2°80 
1°50 1°23 q 
Oo. 17:00 17°49 
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We believe that it is impossible to study these analyses without — 


observing how completely they establish the fact of the existence of a 
definite chemical individual protagon. It would indeed scarcely be 
possible to have a series of more concordant analyses of any substance, 
and these are analyses made with five different preparations of protagon, 
prepared at different times, to a certain extent by different processes, 


5, 6 and 7 having been made with protagon obtained from brains 
treated by Liebreich’s plan in its entirety; whilst in the other cases 


the modified method previously referred to was adopted. We specially 
call attention to the analyses 1, 2, 3, 4 and 8 as conclusively proving 
the purity of the substance analysed by us, and its stability. Analyses 
1 and 2 and 3 and 4 were made with two separate samples of protagon, 
prepared at perfectly distinct times. After analyses 3 and 4 had been 
made, the sample of protagon from which had been taken the material 
for analysis was again treated with ether and recrystallised, and then 
once more analysed. How completely it remained unchanged by the 
two processes to which it had been subjected, is evident on comparing 
analysis 8 with analyses 3 and 4. Is it for a moment conceivable after 


the evidence of these analyses that protagon is a mixture of lecithin and 


cerebrin ? 
We think it well to observe that in no case in the preparation of 


protagon did we allow our solutions to be heated above 45°; we are 


- convinced that Liebreich is correct in asserting that alcoholic selotions 
of protagon heated above 55° begin to decompose. The solution of 
protagon and the filtration of saturated solutions were conducted in a 
very large incubator kept at 45°C.; when the source of heat to the 
incubator was shut off it cooled very ‘gradually, as can be judged by. the 
following observation : 

On one occasion, when the temperature of the laboratory was 17°4C. 


it was found that in 17 hours 15 min. the temperature had fallen from 


41°25 to 27°:5, or through 13°75. When a nearly saturated solution of 


protagon is allowed to cool thus gradually it appears invariably to 


separate in needles or groups of needles, though if it be perfectly 
saturated the needles present, as Liebreich remarked, a curved shape. 


If solutions of protagon be allowed to cool more rapidly, the body 


separates in an amorphous, or, at most, granular form. 

That protagon is decomposed by the prolonged action of boiling 
ether, was thoroughly shewn in an experiment made to determine this 
matter, though it is astonishing that even under these circumstances it 
is impossible to obtain from it a body free from phosphorus. 
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Twice crystallised protagon (the same sample as served for analyses 
3 and 4) was placed in a flask with a large quantity of pure ether ; the 
flask had connected with it an inverted Liebig’s condenser, ‘and was 
heated on a water bath. The ether was kept boiling for 15 hours. 

After the ether had cooled, it was filtered off, and the undissolved 


“matter was dissolved in spirit at 45°C. and recrystallised. It separated 


out in nodules, which were very different from the nodules of protagon, 
and no needles or clusters of needles were obtained. It was analysed 
with the following results : 


(1) and 0°262 grms. of H,O. 
(2) 0°315 ”? 0-729 0°297 ” H, 
(3) 0°382 » grms. of Mg,P,0,. 


The difference in composition between protagon and the substance 
obtained by boiling protagon with ether for 15 hours is shewn below: 


= Product of digestion of 
Protagon twice Protagon for 15 hours 
crystallised. , in boiling water. 
(1) (2) 
66°34 63°2 63:1 
10°56 10°3 9-4 


2°40 — -- 
1:03 eee eee 0-72 


In concluding this account of our researches we think we may legiti- 
mately state that they conclusively confirm the cardinal facts in 
Liebreich’s research. It is quite true that our analyses of protagon have 
led to somewhat different numbers, and have shewn that Liebreich 
was in error in selecting certain particular anomalous analyses as bases 
for his calculations; there can be no doubt, indeed, that the results of 


Liebreich’s analyses were very far from concordant, and that their 


perusal would of itself incline a chemist to doubt the purity of the 
substance. We explain our much more satisfactory results as in main 
part due to our having employed chromate of lead in our combustions, 


_ instead of oxide of copper. 


We intend to study with great care the <r of decomposition 
of protagon. 


Mancusster, May, 1879. 
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A FEW FURTHER EXPERIMENTS WITH PITURIA. 
: By SYDNEY RINGER, M.D., Professor of Medicine at University 
College, London, and WILLIAM MURRELL, M.D., L.R.CP., 
Lecturer on Practical Physiology at the Westminster School of Medicine, 
and Assistant Physician to the Royal Hospital for Diseases of the Ings. 


IN a previous communication in this Journal (Vol. 1. No. 5) we 
showed that pituria, the alkaloid of pituri, a solanaceous plant, and 
belonging to the subdivision Duboisia, manifests many of the proper- 
ties of atropia. Pituria causes drowsiness, dilates the pupil, produces 
general weakness with convulsive twitchings, and antagonizes the action 
of muscarin on the heart. It possesses, however, two properties distinct 
from those of atropia; it produces sickness and increases the salivary 
secretion in large doses copiously. Even in the properties in which 
pituri resembles atropia there are still points of difference. For atropia 
chiefly dries the mouth and dilates the pupil, and these effects endure 
many hours, indeed the dilatation of the pupil. may last even days, 
whilst only large doses produce drowsiness, general weakness and 
 twitchings, or quicken the respirations, On the other hand, the earliest 
effect of pituria is manifested on the breathing, which becomes quick 
and shallow; then follow general weakness, and, after large doses, 
severe muscular twitchings, whilst the pupil undergoes far less dilatation, 
and that lasting a shorter time than after atropia. 

Further investigations on the human subject’ have for the most 
part confirmed these observations and increased our knowledge of the 
drug. We find that to 4 gr. of nitrate of pituria given hypodermically 
produces general weakness, slight rhythmic tremor, quickens the pulse 
and respirations, and produces general perspiration, in some cases 
slightly, in others abundant. All these symptoms last a short time only, 
disappearing in half an hour, or even in a shorter time. This dose never 
dried the mouth nor produced salivation. Moreover, instead of dilating 
the pupils it always produced slight contraction; therefore we conclude, 
that when given internally small doses contract but large doses dilate 
the pupil; and probably, though we have no observations to prove oe, 
large doses first contract and then dilate the pupil. 


1 Lancet, March 1, 1879. 
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In our previous communication we showed that pituri antagonizes 
the action of muscarin on the heart. We now record some experiments 
showing that it antagonizes the action of pilocarpine on the heart’. 

The following experiments were made in January on the exposed 
hearts of brainless frogs. We used a solution of nitrate of pituria, and 
in the first experiments a 2 p.c. solution of nitrate of pilocarpine, and ~ 
afterwards a 10 p.c, solution. 


Exp. 1. To a heart, beating at 52 per minute, we applied a small 
quantity of a 2 p. c. solution of nitrate of pilocarpine, and in half a minute 
the heart stopped. Soon after we applied a small quantity of a 1 p. c. 
solution of nitrate of pituria, and in 15 seconds the heart begun to beat 
again, and in one minute beat strongly at 24 per minute: in three minutes 
at 32, and soon after at 40. In 34 minutes the beats became very feeble 
at 32 per minute, and we again applied a little of the pituria solution, when 
the beats rose to 40 and became much stronger, so remaining during the _ 
next,quarter of an hour, when we suspended our experiments. Seven hours 
afterwards the heart beat fairly well at 22 per minute. 

In the three following experiments the effect of the pilocarpine was 
rather different. As sometimes happens with muscarin, the pilocarpine did 
not greatly slow, but greatly weakened the heart’s contractions, and the 
pituria increased both their frequency and especially their strength, 


Exp. 2. With the heart’s contractions at 44 per minute, we applied 
some of the pilocarpine solution. In seven minutes the beats fell to 20; 
in the next twenty minutes they rose to 28; but the contractions became 
extremely feeble. We then applied the pituria solution, and in one minute — 
the beats became stronger aud rose to 40, and in two minutes to 44 good 
beats per minute. In ten minutes, whilst still beating 44, the contractions 
became very feeble, but on again applying some pituria the contractions 
at once grew stronger, though in six minutes they again grew feeble. 


Exp. 3. Whilst the heart beat well at 48 we applied the pilocarpine 
solution, and in nine minutes the pulsations fell to 28 and became feeble ; 
in twenty-five minutes, whilst at 32, they became very feeble. Then on 
applying pituria the beats in half a minute grew much stronger, rising in 
six minutes to 40. In nine minutes the heart beat strongly at 48 per 
minute, and seven hours afterwards it beat fairly well at 28. 


Exp. 4. To a heart beating at 52 we augtes pilocarpine and the 
pulsations at once fell to 24, but in the course of fifteen minutes they rose 
to 36 and became very feeble. We then applied nitrate of pituria, and 
at once the contractions became much stronger, the cavities contracting 
fairly well at 34. In eight minutes the beats rose to 40. Four hours 
after the application of the pituria the heart beat fairly well at 20. 


1 The pituri we used was given us by Mr MacAlister, through Mr E. A. Clare, of 
the Queensland section of the Paris Exhibition, It was grown in the Botanic Gardens at 
Brisbane by Mr Hill. Mr Gerrard extracted the alkaloid and prepared the nitrate 

for us. 
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Exp. 5. We applied a little of a 10 p.c. solution of nitrate of pilo- 


-carpine to a heart beating at 40 per minute. The heart stopped almost 


immediately in wide diastole. After two minutes of complete arrest a little 
pituria was applied about every half minute. During the next eight 
minutes the heart gave a strong contraction, and after eight minutes it 
suddenly commenced beating strongly at 30 per minute, and ‘so continued 
during the time we watched it, that is the next ten minutes. — | 


Antagonism between pituria and pilocarpine on the frog’s heart. 


Increased 
Decrease after | Loss of strength | frequency Increased | Contractions 
Date. | application of | after application | after appli- strength after | continued 
pilocarpine. | of pilocarpine. — of ga of | more than 
pituria. 
| 
Jan. 1 | Heart stopped, Heart stopped | 40 beats |became strong] seven hours 
» 1 | 16 beats extremely feeble} 12 beats 
16 beats 12 beats seven hours 
16 beats 4 beats four hours 
» 2 |Heart saad Heart stopped 30 beats - 


We see then that pituria will quicken and greatly strengthen‘a . 
heart slowed and much weakened by pilocarpine, and even restore the 
contractions to a heart arrested by pilocarpine. In respect therefore to 
its antagonism to muscarin and pilocarpine, the solanaceous plant pituri 
acts like the alkaloids from other solanaceous plants, for instance atropia 
and duboisia. | | 

As pituria, like atropia, antagonizes the action of muscarin and pilo- 
carpine on the frog’s heart, we were anxious to know if pituria, like 
atropia, paralyses the inhibitory apparatus of the heart. Mr Waters, 
of the Physiological Laboratory at Cambridge, kindly performed this 


experiment for us, and finds that pituria has by itself no direct effect 


on the number or force of the heart’s contractions, but so affects the 
vagi that electric stimulation of them no longer slows or arrests the - 
heart but increases the frequency of the beats. 

Pituri therefore is more closely allied to tobacco, as Baron Miiller 
has suggested, than to any other solanaceous plant, for tobacco contracts 
the pupil, topically applied to the eye or when administered by the 
stomach. It also causes salivation and perspiration, great weakness, and 
sometimes violent muscular tremblings. 
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ON THE ANTAGONISM BETWEEN PILOCARPINE 
AND EXTRACT OF AMANITA, MUSCARIA. By 
SYDNEY RINGER, M.D., Professor of Medicine at University 
College, London, and WILLIAM MURRELL, M.D., M.R.C.P., 
Lecturer on Practical Physiology at Westminster Hospital School of 
Medicine, Assistant Physician to the Royal Hospital for Diseases of the 


WE are anxious at the outset to acknowledge our indebtedness to 
Mr E. A, Morshead, who largely assisted us in the experiments per- 
formed in July. 

Pituri, as we have shown’, excites salivation and perspiration, cor- 
responding in this respect to muscarin and pilocarpine. Pilocarpine 
and muscarin, however slow, weaken and even arrest the heart, whilst, 
if we may assume this from one experiment, pituri, topically applied, 
has little or no action on the cardiac contractions. Pituri moreover 
antagonizes the action of muscarin and pilocarpine on the heart; thus 
we have a sweater and a salivator antagonizing the action on the heart 

of substances which likewise cause salivation and perspiration. | 
It occurred to us that possibly muscarin and pilocarpine, though 
they affect the heart in a similar manner, might antagonize each other’s 
effects, and we now record some experiments designed to test the vali- 
- dity of this conjecture. 

In all these experiments we first killed the frog by dividing the 
spinal cord opposite the occipito-atlantoid membrane, and destroying 
the brain by thrusting a peg into the skull. We then, without dividing 
_ the sternum, exposed the heart and cut through the pericardium. 

We used an alcoholic extract of amanita muscaria, and a solution 
of nitrate of pilocarpine, in some cases a two per cent., in others a ten 
per cent. solution. | 


Jan. 3. To a heart beating 44 per minute we applied a small quantity 
of extract of muscaria. In four minutes the heart stopped, widely distended 
with blood, Three quarters of a minute afterwards we applied some 10 p. c, 


1 Journal of Phys., 1878, p. 877, and Lancet, 1879. 
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solution of nitrate of pilocarpine, when the heart almost immediately began 
to contract, and in one minute it beat well at 12 per minute, and in forty-five 
minutes it beat 24. The strength of the contractions then again grew 
weaker, till in thirty-eight minutes it beat very feebly at 20. Then we 
applied a little atropia, and at once the beats improved much in strength, 


rose to 24, and in twenty-two, minutes the beats were good at 40 per minute, 


and six hours later the heart still contracted well at 36 per minute, 

On the same day we repeated the experiment. To the exposed heart 
we applied a small quantity of muscarin, and in eight minutes the pulsa- 
tions fell from 40 to between 4 and 6 per minute, We then applied a 
little of the 10 p. c. solution of nitrate of pilocarpine, and in half a minute 
the pulsations rose to 28 very beats; in 13 minutes the pulsations 
began to grow feeble, and in 44 minutes dropped to 12 per minute, and were 
80 feeble as to be scarcely visible. Five hours afterwards the heart was 
motionless, flaccid, and contained a little blood, having we felt no doubt 


long ceased to beat, since general reflex action had quite ceased; still we _ 


determined to apply a little of the 1 p. c. solution of nitrate of pituria, 
not for a moment expecting that it could restore the lost cardiac action: 
but to our astonishment in six minutes the heart began to contract; in 
ten minutes it beat faintly at 16 per minute; in twelve minutes the con- 
tractions were much stronger; in fourteen minutes it beat fairly well at 
18, and an hour and a quarter at 20 per minute. | 


Last summer one of us, in conjunction with Mr E. A. Morshead, 
made a series of observations regarding the antagonism of pilocarpine 
for muscarin, making use of a solution of muscarin containing one part 
of alcoholic extract of amanita muscaria in four parts of water, and one 
part of nitrate of pilocarpine in twelve parts of water. 


July 10. Whilst the heart beat at 54 we applied the muscarin solution 
freely, which at once slowed the heart to 46, and gradually in the course of 
thirteen minutes the beats fell to 32 and grew feebler, so that at the expi- 
ration of this time the heart contracted hardly at all and remained widely 
distended. Then we applied some of the pilocarpine Solution, when the 
contractions at once very much improved and became fairly strong, with 
unaltered frequency for ten minutes, and then rose to 44. The heart 
continued to beat fairly well at 44 for five hours; in ten hours after. 
wards it beat feebly at 44, and in twenty-four hours it had stopped, firmly 
con 


July 10. Muscarin solution applied to the heart beating at 58 at once 
weakened the contractions and reduced’ them to 34, and this number 
gradually fell till in eleven minutes it had dropped to 22, when the. 
auricles had ceased to contract and the ventricle contracted very slightly 
indeed, At this stage we freely applied the pilocarpine solution, and after 
a pause of some seconds the ventricle at once commenced work fairly well 
at 28, and in three minutes both auricles and ventricle contracted firmly 
at 34; in fact as strongly as before the application of the muscarin, and 
so continued during nine minutes. On our return in two hours we found 
the heart stopped in wide diastole. 
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July 10. To a heart beating at 46 we applied some muscarin solution 
and the pulsation fell in two minutes to 28 and almost stopped, the ventricle, 
widely distended with blood, alone contracting in the slightest degree, so 
that only a slight quiver of its walls could be seen. We then applied 
pilocarpine. In two minutes the ventricle contracted strongly ; in six both — 
auricles and ventricle contracted well at 30; the contractions then rose to 
44; ten hours later the heart beat well at 44, and even twenty-four hours 
later it still contracted slightly. 


July 11. To a heart beating at 54 we applied the muscarin solution, 
and in six minutes the pulsation ceased. Then we applied some pilocarpine 
solution. In one minute pulsation recommenced, and in two minutes rose 
to 24. In seven minutes we reapplied the pilocarpine, and in thirteen 
minutes from the second application the heart beat well at 24; the pulsa- 
tion then grew slower and feebler, so in fifty-three minutes after the first 
application we again applied pilocarpine, but without strengthening the 
heart, which continued to beat at 12 per minute. We then reapplied some 
muscarin and subsequently some more pilocarpine, but the heart never im- 


proved, and in fifty-eight minutes from the first application of the pilocarpine 
only the auricle beat very faintly. 


July 11. To the heart beating at 44 we applied some muscarin solu- 
tion, The pulsations fell to 30 and the auricle stopped, whilst so feeble 
-was the contraction of the ventricle that apparently it was unable to propel 
any blood. Then we applied pilocarpine and the pulsations rose to 34, and 
both auricle and ventricle contracted fairly well. In twenty-seven minutes 
the contractions became feebler, and on returning two hours after the heart 
had stopped, widely distended with blood. 


July 11. Toa heart beating at 46 we applied some muscarin. In four 
minutes the heart stopped, widely distended with blood. We then applied 
some pilocarpine solution, and for the next six minutes no contractions 
occurred ; in nine minutes the auricles contracted slightly; in fourteen 


minutes we reapplied ii a stilt only = auricles contracted, ‘and 
fairly well at 32. 


It occurred to us that possibly the revivifying effect of pilocarpine 
applied to the heart previously weakened or arrested by muscarin might 
be simply a physical result caused by the application of the solution, 
and not a specific effect of the pilocarpine, and we resolved te make 
an experiment to ascertain whether this might be a correct surmise. 


On Jan. 3 we applied a little muscarin to a brainless frog’s heart 
beating well at 32 per minute. During the ensuing five minutes the beats 
fell to 4, but were fairly good. We then washed the heart well for five 
minutes with a 1 p. ¢. saline solution, but without in the slightest degree 
quickening or strengthening its beats. Then we applied a little (1 in 10) 
pilocarpine solution, In two minutes the heart grew much stronger and 
beat 16, but in four minutes it again grew weaker and fell to 8. ight 
minutes later we again applied pilocarpine, and in six minutes the heart, 
pulsating well, rose to 16. It continued in the same condition thirty-two 
minutes after the second application of pilocarpine and then grew weaker, 
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though still it continued beating at 16. We then washed the heart well 
for three minutes with saline solution without affecting either its force or 
frequency, and an hour after the second pilocarpine application, with the 
heart at 16, we added a little 1 p. c. solution of sulphate of atropia, when 
the pulsations improved and rose to 24. 

This experiment confirms the preceding, and shows that pilocarpine 
antagonizes for a short time the effect of muscarin, and that this revival 
of the heart’s action is not due to the mechanical effect of the pilocar- 
pine solution, for a saline solution applied freely for five minutes pro- 
duced no effect. 


S. RINGER AND W. MURRELL. 


Table I. 
After the After the 
4: | After the 
applica application of | The pul- | Pulsations 
Date. | carin the the pulsations _|carpine the pilocarpine the | sations ceased 
pulsations became pulsations | Pulsations be- | continued in 
fell rose — 
Jan. 3 | stopped stopped 24 beats good 
» 3 | 36 beats ee 24 beats good 5 hours 
55 & | 28 beats | remained fairly | 12 beats much stronger 
July 22 beats | almost stopped | 12 beats much stronger|10 hours} 
10) 36 beats | ventricle alone | 12 beats} good 2 hours 
contracted and 
very feebly 
»5 10} 18 beats | almost stopped, | 16 beats good 24 hours 
auricle quite | 
| stopped 
» 11| 54 beats stopped 24 beats good 1 hour 
», 11) 14 beats | auricle stopped | 4 beats| fairly good 2 hours 
-and_ ventricle | 
contracted very 
feebly 
» 11} stopped stopped auricles |feeble and only 1 hour 
only at 32) in auricle 


A glance at Table I., in which we have summarised the results of 


the foregoing experiments, shows at once that pilocarpine in a great 
measure antagonizes the action of muscarin on the heart; that pilo- 
carpine restores vigorous contractions to an arrested heart and strengthens 
and increases the frequency of a slowed and much weakened heart. 

The table further shows that the antagonistic action of pilocarpine 
is displayed more obviously in increasing the strength than the fre- 
quency of the contractions. 
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'' Here we have another remarkable instance of an antagonistic action 

between two drugs otherwise so similar in their effect on the animal 
body: an instance, too, of antagonistic action in an organ though 
their effect when separately applied is similar; for both muscarin and 
pilocarpine slow and weaken or even arrest the heart, and yet, as we 
have just seen, pilocarpine antagonizes the action of muscarin. 

It may possibly be said that the improvement from the application — 
of the pilocarpine is a mere coincidence, and would occur irrespective of 
it; but to this we answer that in all our experiments prior to. the appli- 
cation of the pilocarpine no improvement took place, whilst in every 
instance more or less amendment occurred immediately after the pilo- 
carpine. Still we think it well to give experimental evidence on this 
point, 

We therefore resolved to perform a set of comparative test ex- 
periments: 


i. ‘The action of m muscarin on the heart. 
ii, Of muscarin followed by pilocarpine. 
iii, Of muscarin followed by atropia, 
iv. Of muscarin followed by duboisia. 


We destroyed the brains of three frogs and then laid bare their hearts. 
To the first we applied muscarin only. To the second we applied first 
muscarin, and when this had affected the heart we applied pilocarpine. To 
the third we applied first muscarin, and when the heart became fully 
- affected we applied atropia. By means of these comparative experiments 
we can ascertain the degree of antagonism which pilocarpine and atropia 
manifest to muscarin, and we are able to compare the degree of antagonism 
exerted by pilocarpine with that exerted by atropia. 

We used a 2 p.c. solution of nitrate of pilocarpine, a 1 in 120 solu- 
tion of sulphate of atropia, and a solution ef muscarin containing one part 
of alcoholic extract of amanita muscaria in four of water, and a 1 in 120 
solution of the alkaloid of duboisia. The pilocarpine and extract of ammonita 
solution has a slight acid reaction. The results are given in Tables II. to V, 


The experiments given in Table IT. fully confirm the previous ones. 
They show that the heart does not recover after it is slowed or arrested 
by muscarin, and consequently that the improvement following the 
application of pilocarpine is not a natural recovery that would have 
- occurred independently of the pilocarpine, but is due to the action of 
that drug. We now summarize the results given in Tables I. IIT. IV. 
and V. 

In the first experiments given in Table I. extract of muscaria 
stopped the heart in four cases and almost stopped it in the remainder, 
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whilst iii increased the pulsations on the average 18 beats, 
induced good cardiac contractions in seven cases, fairly good in one, 
and restored merely slight movement in the auricle in one case after 


arrest of the heart. 


In the six experiments given in Table IIL. the muscaria stopped 
the heart in two cases and almost stopped it in the rest, whilst the 
pilocarpine increased the puls&tions 16 beats on the average, and in | 
three instances induced very good pulsations, in one good, and in wwe 
fairly good. 
_ Our second series of experiments, Table III., confirms the first, 
Table L., in showing that, in a heart weakened and slowed by extract — 
of muscaria, pilocarpine restores the strength even more than.the fre- 
quency of the beats. 

Our second series of observations enables us to compare the itego- 
nistic action of pilocarpine with that of atropia and duboisia. The 
average increase in the number of beats after atropia and duboisia is 
as follows: after atropia 28, after duboisia 30. 

Both in the experiments with atropia and duboisia the heart in 
every instance was stopped or almost stopped, and again on the applica- 
tion of either atropia or duboisia the drug in every case indueed good 
pulsations. 

The antagonism of pilocarpine for extract of amanita muscaria is 
not so marked as the antagonism of atropia or duboisia for muscarin. 
Atropia and duboisia increasing the pulsation of a heart stopped by 
muscarin on the average about 30 beats per minute, whilst pilocarpine 
augments the beat only to about 16 to 18 per minute; but the increase 
in the strength of the beat was as great after the application of — 
pine as after the application of atropia or duboisia. 

The greater antagonizing power of atropia and duboisia over pilo- 
carpine is shown by the longer time the heart continues to beat after 
the application of atropia or duboisia, thus after 

pilocarpine the heart — on the —— in 28 hours 
atropia 4 


We next adopted saath satin of comparing the antagonism of 
pilocarpine with the antagonism of atropia for muscarin, 

We first arrested the heart with extract of amanita muscaria, and 
then allowed 8, 15, and 25 minutes to elapse before we applied either 
the pilocarpine or the atropia, using solutions of the same strength as in 
the previous experiments. The results we give in Tables VI. and VII. 
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Table VI. 


nita muscaria pul- 


of extract of ‘ama- 


After the application 


sations stopped in 


_ After the application 
of ' pil 
pulsations begun in 


Feh, 27 


* The auricle begun to beat 8 minutes after the application of pilocarpine, In our a 


An interval of eight minutes after arrest by muscarin, 
Feb, 26 |, 29 min, | 2 min, |24 in 44 min. | good at once | 40. 


An interval of fifteen minutes after arrest by 


at once 


3 min. 
48 min. 


‘not at all 


34 min.* 


20 in 34 min, 


to 32 in 55 m., 


very good 


figures in these tables we refer to the ventricle, 


24 to 28, 


An intoroat of tuentyfve minutes after arrest by riuscarin 


‘40, The heart was 
watched for4hrs, 
56. 14 hours after- 


wards the ventricle 
beat poorly at 8, 
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Table VII. 
| 


Feb. 27| at.once | 11 min. 


Mar, 3 | 17 min, | 17 min, 


boisia, 


Feb, 28| 14 min, | 10 min. 


20 in 19 min. 
14 in 16 min.| 


28 in 100 min. 
‘| 36 in 14 hrs. 


good 


very good 


An interval of eight minutes after arvedk by 
| 3 min, nowy 


An interval of fifteen minutes after arrest by muscarin, 


48, 

56. 14 hours after- 
wards beat at 8, 
but had become 
weaker, 


Our experiments then show that pilocarpine, a sweater and salivator 
which slows and weakens or arrests the frog’s heart, antagonizes, as . 
regards the heart, the action of extract of amanita muscaria (muscarin), 

a substance which is also a sweater and salivator, and slows and also 
wae or arrests the frog’s heart, 
In this respect pilocarpine is but little infeetor to atropia and du- 
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SOME OLD AND NEW EXPERIMENTS ON THE > 


FIBRIN-FERMENT. — By Professor ARTHUR GAMGEE, 
MD,, 


I. Historical, 


THE very remarkable researches of the Emeritus Professor of Physiology 
in the University of Glasgow—Dr Andrew Buchanan—on the sub- 
ject of the Coagulation of the Blood have not received the acknowledg- 
ment or attention which they deserved. Most physiologists who are 
acquainted with the older literature of their science are aware that 


Buchanan pointed out 30 years before Professor Alexander Schmidt 
that the fluids of certain serous sacs (and especially the liquid of — 


hydrocele) which do not coagulate spontaneously, may be made to 
yield a coagulum of fibrin by the addition of blood or blood-serum. 
But with the exception of this, Buchanan’s thoroughly good work 
and ingenious speculation have been forgotten. This neglect is doubt- 
less mainly owing to the fact that Buchanan’s papers were never re- 
printed, and that they lie buried in the old volumes of a now obsolete 
and forgotten medical journal, The facts of Buchanan have moreover 
been but briefly referred to by English writers, If we except an 
appreciative account of them which was contained in an unsigned 
review, published in 1864 by Dr Michael] Foster’, which treated in a 
comprehensive manner the results of the researches of Richardson, 
Briicke, Schmidt and Lister on the nature of the coagulation of the 
blood, the only two works in which they are at all fully alluded to are 
Gulliver’s edition of Hewson’ and Quain’s Elements of Anatomy’, 
Now that the progress of research has led the most competent ob- 
servers to conclusions very similar to those of Professor Buchanan, it 
appears to me that it will be both instructive and useful that the second 
and most important of his papers should be reprinted, and it will there- 
fore appear as an appendix to this communication, 


1 The Coagulation of the Blood, The Natural History Review, Vol. rv. (1864) p. 157—187. 

2 The works of William Hewson, F.R.S. Edited with an introduction and notes. 
By George Gulliver, F.R.S. London, printed for the Sydenham Society, 1846. Refer 
to foot-note, p. 31. 

3 Quain’s Elements of Anatomy. See eighth edition, Vol, 1. p. 28, 
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It was in 1881' that Dr Buchanan first announced that on adding 
to ascitic fluid, to serum from the chest, and to hydrocele fluid the 
liquid obtained by pressing a: blood-clot in linen cloth, there was pro- 
duced a coagulum similar to that which separates spontaneously from 
blood. 

At first Dr Buchanan believed that the 


was the agent present in the squeezed clot which conferred upon these 


transudations the property of coagulating. On mixing, however, some 
peritoneal fluid with the serum of blood a coagulum was obtained. On 


subsequently mixing perfectly clear blood-serum with peritoneal fluid 


and with the fluid of hydrocele, removed after death from the body of 


‘the same man, a beautiful pellucid and pretty firm coagulum was 
obtained. Dr Buchanan remarked, “I repeated the experiment very 


frequently with serum obtained from the serous cavities of the testis, 
from the peritoneum, from the cavities of the pleura, and from the 
pericardium, The result has generally been as I have just described, 
but not always so,” 

These observations of Dr Buchanan on the coagulation of the 


‘fluids of serous cavities were mentioned by him, and his most re 
facts and generalizations were in 1845°. 


“The opinions commonly siainal by physiologists and chemists. to 


_ which allusion has just been made, are that fibrin has a spontaneous tendency 
to coagulate; that this spontaneous coagulability is a characteristic property 


of fibrin, by which it is distinguished from albumin and casein ; and that the 
coagulation of the blood and of various animal fluids depends on the spon- 
taneous coagulation of the fibrin which they contain. My experiments, on 


the other hand, shew that fibrin has not the least tendency to deposit itself 


spontaneously in the form of a coagulum: that, like albumin and casein, 
fibrin often coagulates under the influence of suitable reagents: and that 
the blood and most other liquids of the body which appear to coagulate 
spontaneously, only do so, in consequence of their containing at once 
fibrin and sabanoes capable of reacting upon it and so occasioning coagu- 


lation,” 


1 Contributions to the Physiology and Pathology of the Animal Fluids, containing 
Experiments and Observations on the effects of certain substances upon the blood; 
on the coagulation of the blood; on the difference between membranous and sanguineous 
serum; on the formation of the buffy or inflammatory crust; on the formation of pus; 
and on the process of sanguification, by Andrew Buchanan, M.D., Junior, Surgeon to 
the Glasgow Infirmary. London Medical Gazette, Vol. xvi. (2nd vol. for session 1885— 
86), p. 50. 

2 «On the Coagulation of the Blood and other fibriniferous liquids,” London Medical 
Gazette, 1845, Vol. 1. (New Series) p. 617. (Communicated to the Glasgow ages aie 
Society, Feb. 19, 1845.) 


on 
4 
4 
4 
/ 
it 
i} 
} 
| 
i? 
} 
3 
vor 


| ON FIBRIN-FERMENT. 147 
- Dr Buchanan then announced that he had found that the ad- 
dition of what he designated ‘washed blood-clot’ was most efficient in 
inducing the coagulation of such liquids as do not coagulate spon- 
taneously, but do. so on the addition of blood. The ‘washed blood-clot’ 
he. obtained by mixing one part of liquid blood with from six to ten 
parts of water and stirring carefully for five minutes. After the mixture 
had stood for twelve or twenty-four hours, it was filtered through a 
coarse linen cloth, and the substance left in the cloth washed with 
water. 

- When a small portion of this washed clot was reduced to fragments 
and diffused through the liquid of hydrocele, coagulation ensued, in 
many cases as rapidly as in the blood itself. The washed coagulum 
retains, according to Buchanan, its coagulating power for a long 
period, and with the addition of a little spirit of wine may be kept for 
many months with its activity unimpaired. 

“The power,” Buchanan remarked, “which the washed clot has 
of coagulating fibrin, is not less remarkable than that of rennet in 
coagulating milk, to which indeed, it may be aptly compared.” 

The ‘washed clot’ Buchanan described as a mechanical mixture 
of fibrin with corpuscles, colourless and coloured. Upon which of these 
constituents did its coagulant power depend? Buchanan concluded, 
from many considerations, that this was seated in the colourless cor- 
puscles, He found that the buffy-coat of the blood of the horse, which 
is exceedingly rich in colourless corpuscles, possessed a much greater 
power of inducing coagulation and preserved that power after being 
kept for months and pulverized (from which statement we must con- 
clude that the substance was dried): Moreover that the upper layers of 
red clot which are comparatively rich in colourless corpuscles have 
a stronger coagulating power than the lower layers. Furthermore 
Buchanan found that many tissues of the body, as muscle, connective 
tissue, nerve tissue, possess, though i in a much less degree, the coagulant 
power, and he leant to the opinion that their influence is seated in 
their cellular elements (‘primary cells or vesicles’). 

To recapitulate :—Buchanan held that the coagulation of the 
blood is due to the conversion of a soluble constituent of the liquor 
sanguinis into fibrin by an action exerted probably by the colourless 
eorpuscles and comparable to the action which rennet exerts in effecting 
the coagulation of milk. Furthermore, that the liquid which accu- 
mulates in certain serous sacs may be made to yield a coagulum of 

- fibrin when subjected to the action of liquids or solids rich ‘in the 
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cellular elements with which the coagulant action appeared to be 
associated, 
_ In the year 1869, when delivering my first lectures on Physiology in 
the Extra-Academicab Medical School of Edinburgh, in giving an account 
of both Buchanan’s and Schmidt’s researches, I pointed out that 
some of the facts of the former observer appeared to me to be irrecon- 
cileable with the doctrine that the coagulation of fibrin merely depends 
upon the union. of two individual factors previously existing in solution’. 
If the statement of Buchanan were true, that a tiny thread of 
his washed blood-clot, added to a fibrinogenous liquid caused coagu- 
lation, there must be some other explanation than that of Schmidt. 
It was inconceivable that the shred could act by supplying para- 
globulin. Unfortunately, however, I did not repeat Buchanan’s ex- 
periments, and it was only in 1872, when being in Heidelberg I heard 
first of all verbally from my friend Professor Kiihne, of Schmidt’s 
remarkable discovery of the fibrin-ferment’, that the explanation of the 
_ most curious of Buchanan’s facts occurred-to me, It then appeared 
likely that, the washed clot of the Scottish observer owed its coagu- 
lant power to the fibrin-ferment, and. that he had probably been 
correct in comparing its action to that which rennet exerts in | Coagu- 
milk, 


II. Experimental. 


| Repetition of Buchanan's Experiments, — 
Some months ago I determined upon repeating Buchanan’s ex- | 
periments with washed blood-clot, for whilst they appeared to be 


1 It has lately been maintained by Schmidt that he never committed himself to 
the view that fibrin is the result of an actual union of the supposed fibrin generators, 
fibrinogen and paraglobulin, he having merely pointed out the necessary inter-action of 
these two bodies, In the second of his earliest papers ** Weiteres iiber den Faserstoff 
und die Ursachen seiner Gerinnung,” Archiv f. Anat, u, Phys., 1862, p. 548, (1) we 
find the following sentence :—‘ Diese Thatsachen beweisen, dass die Faserstoff aus einer 
Verbindung der fibrinoplastischen Substanz mit der fibrinogenen hervorgeht und dass 
die Gerinnung den chemischen Process dieser Verbindung und nicht den einer Ausschei- 
dung der einen Substanz durch die andere darstellt.............. Durch den Vorgang der 
Gerinnung wird Alkali frei, indem die Anziehung der beiden Proteinsubstanzen zu 
einander die zum Alkali tiberwindet,” This and the general tone of Schmidt’s 
papers certainly justified the dogmatic exposition of his views adopted by teachers, who 
certainly have for the most part spoken of the formation of fibrin being, according to 
Schmidt, due to an actual combination of two proteids, paraglobulin and fibrinogen. 

2 Alexander Schmidt, ‘‘Neue Untersuchungen iiber die Faserstoffgeri e” 
Pfliiger’s Archiv, Vol. v1. (1872) p. 413—538, | 
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explicable only upon the hypothesis that the so-called washed blood- 
clot contains fibrin-ferment, it was not easy to reconcile the fact with 
the properties of the fibrin-ferment as they ase been hitherto de- 
scribed. 

: When plood is received, directly it is shed, ints eight or ten times 
its volume of water, and the mixture is stirred for eight or ten minutes, 
as Buchanan directs, its coagulation is often delayed for some hours. 
It must not be supposed that the stirring is followed by the immediate 
separation of a fibrinous clot, however small; its only effect can be to 
keep the corpuscles from subsiding. After some hours, however, 
a soft gelatinous coagulum separates. In my experiments, the mixture 
having been made in the afternoon, coagulation was found to have 
occurred the following morning. If the bulky gelatinous coagulum is 
collected on a linen filter, and is then squeezed and washed in a stream 
of water, usually in a very few minutes there are left on the linen filter 
shreds of fibrin which are similar to those obtained by kneading and 
washing ordinary blood-clot; the only difference being that the blood- 
colouring matter is much more . removed Buchan an’s 
coagulum, 

left is Buchanan’s blood-clot;’ the term 
is a misleading one, the substance being fibrin which has been obtained 
- under certain conditions. A careful microscopic examination has shown 
as complete an absence of coloured corpuscles as in fibrin carefully 
prepared by the ordinary method; as would be expected, however, from 
our knowledge of the phenomena of coagulation taking place under 
ordinary circumstances, the washed blood-clot entangles a considerable 
number of colourless blood-cells, __ 

In testing the activity of washed blood-clot I made use of pericardial 
fluid of the horse, of hydrocele liquid, but most commonly of the liquor 
sanguinis of horse’s blood, which had been kept from coagulating by 
mixing one volume of blood with four volumes of a 25 p.c, solution of » 
magnesium sulphate, and after subsidence of the corpuscles decanting 
or separating the supernatant clear liquid with the syphon. This 
salted plasma was diluted with ten or twenty times its volume of water, 
and in determining the activity of the washed blood-clot or of a ferment — 
solution, the time elapsing before coagulation was ascertained, Usually 
the experiments were carried on in an incubator. 

_ With these various liquids it was determined over and over again 
that Buchanan’s washed blood-clot possesses constantly a remarkable 
coagulant power, though some specimens had a far greater activity than 
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others, The mode i in which coagulation occurs is’ very remarkable, and 
may be most conveniently studied by allowing the process to go on at 


_ ordinary temperatures, say at 15°C, A shred of the substance having 


been dropped into a vessel containing salted plasma diluted with ten or 


twenty times its volume of water, after an interval of two or three hours _ 


fine threads of fibrin are seen to shoot across ‘the liquid, having the 
fibrin shred as their centre; soon this is observed to be assuming a 
soft membranous envelope, If the liquid be set aside for 24 hours, and 


_ then examined, the thread of fibrin is often seen to be completely sur- 
rounded by a little bag of membranes, floating in a quantity of yet 
uncoagulated plasma. The appearance of the clot, with its surrounding 


membranes, reminded one most forcibly of an early human ovum, 

In some cases, where the shred of fibrin was very small and its 
activity very slight, the only result which followed was the formation of 
transparent threads of fibrin attached by one end to the shred - by 
the other to the sides of the containing vessel, — 


A new and method of preparing elution of Fibrin formont 


Inasmuch as Buchanan's fibrin induces coagulation in a liquid - 


which, like dilute salted plasma, possesses all the conditions required by 
Schmidt for coagulation save the presence of fibrin-ferment, we are 
led at once to suspect that the washed blood-clot contains fibrin-ferment, 


Yet is it not very strange that fibrin-ferment which from Schmidt’s 


experiments we. are led to believe is soluble #n water, should be con- 
tained in Bu chanian’s washed blood-clot? The fibrin which constitutes 
this substance has separated from the blood in the presence of a large 


excess of water; it has been, after that, washed with large quantities of 


‘watér,—in some of my experiments actually soaked in water for hours— 


and yet the coagulant power still remains, 


If owing its activity to fibrin-ferment, it appeared likely that by 
treating ‘washed. blood-clot’ with water, a solution of the ferment would 
be obtained. In the first experiment which was tried the ‘clot’ was 


digested with distilled water for some hours and the solution filtered. 


It was found to be slightly turbid and contained some bacteria and 
some amorphous matter which had passed through the filter, This 
turbid fluid possessed decided coagulant power; when mixed with di- 
luted salted plasma it brought about coagulation in about an hour, In 
subsequent experiments in which fresh washed blood-clot was treated 
with distilled water, and the solution was after filtration obtained per- 
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fectly clear, it was found that the coagulant power was so small as 
“ almost to escape detection, coagulation only occurring very slightly 
24 or 36 hours after the admixture bas the watery fluid with the salted 

The substance which had been digested with distilled water for — 
some hours was now filtered and placed in a 2:p.c. solution of common 
salt for about six hours; afterwards it was transferred to an 8 p.c. 
solution for about the same time. On testing the filtered solutions it 
was found (1st) that both were possessed of great activity as coagulants, 
and (2nd) that the 8 p.c. solution was far more active than the 2 p. c. 
solution. Indeed by digesting either recently washed and expressed 
‘washed blood-clot,’ or the same body after being dried in vacuo over 
sulphuric acid and then powdered, in an 8 p.c. solution of NaCl, a 
ferment solution of startling activity is obtainable, surpassing in this 
respect any solution which I have been able to make by following 
Schmidt’s method. 


The following experiments illustrate the above statements = 


Exp. 1. Buchanan’s washed blood-clot was made in the snieal way, ido 
placed between sheets of filtering paper to dry in the air, lastly dried over 
sulphuric acid and powdered. 


B. 0-600 ... os se ... Of 2p.c. sol. of Na Cl. 
C. 0601 ... ... Of 8p.c. sol. of Na CL 


After digesting for three days ‘the clear liquids were decanted from the 
insoluble residues, which were again treated with the same liquids which had, 
previously been employed in each case. 


Into three watch-glasses 5 c. c. of dilute salted horse plasma (prepared 
according to Schmidt's s method) were placed and kept at a temperature of 
43°C. 6 drops of one of the solutions A, B and C were then added to the — 
contents of one 'e the — The following are the results ; 


| seumeaiidion. 2 p.c. Na Cl sol. 8 p. c. Na Cl sol. 
After 5 minutes § No change, Coagulating. Coagulating. 
Not yet perfectly Perfectly coagu- 
coagulated, lated, 


- Exp. 2. Two quantities of 5c. c. of same diluted salted plasma placed 
in two vessels A and B, one of which was exposed to a ‘ohana of 43° C, 
and the other kept at 11°C.; into each vessel were placed 6 drops of the 
8 p. ¢. solution. 
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After 3 minutes Coagulating throughout. No 

5 Almost perfectly.coagu- 

lated. 
Coagulation perfect. Commencing coagulation. 
es — coagulated. 


Exp. 3. Much larger quantities of diluted salt sided were now taken. 
50 ¢. c. of the same diluted plasma which had been employed in 1 and 2 
were placed in two vessels and heated to 43° C, 


To the one, A, was added 6 drops of 2 p. c. Na Cl solution ; eet 
B, 6 drops of 8 p. c. Na Cl solution ; 


“A B 


: 2 p. c. sol. of Na Cl. 8 p. c. sol. of Na Cl, 
After 8 minutes A specks visible in the Coagulating throughout. 
solution. 
| Beginning to coagulate. Consistence thicker. 
Continuing and forming a Almost perfectly coagu- 
web, lated. 
ae ass An opaque web with not A: perfect mass of jelly, 
much jelly, — ‘ which does not, how- 
ever, extend to sides 
-of the vessel, 


Exp. 4. This experiment was performed with the object of determining 
whether the aqueous solution of washed blood-clot (A in Exp. 1) was alto- 
gether free from ferment action. 


10 c. c. of the diluted salt plasma was mixed with 15. ¢. of the aqueous 
solution, and placed in an incubator at 43° C. 


After 10 minutes No change. 
A few white opaque threads, »_Spparently springing 
from suspended solid particles. 
Same appearance, no true coagulation. 


5. It was (Exp. 1) that after the first aqueous 
‘solution of washed blood-clot, a second quantity of 50 c.c. of water, was 
added to the residue. 48 hours having elapsed, this second watery fluid was 
decanted ; this may be termed the second aqueous extract, to distinguish it 
from the first aqueous extract. 


In order to determine whether the aqueous extracts were altogether free 
‘from coagulant action, two separate portions of 5 c.c. of dilute salted plasma 
-were mixed with 5 c. c. of the first aqueous extract and of the second aqueous 
extract respectively and heated to 43°C. The following are the results; 
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First aqueous Second aqueous 
extract. extract, 
After 5 minutes _ No change. No change. 


16 hours at tem- 
perature of labo- 


ratory (12°—15°). 


Exp. 6. To prove that the difference in the action manifested by aqueous 
_extract of washed blood-clot as compared with saline solutions did not depend 
upon the absence of sodium chloride, 5 c.c. of the diluted salt plasma used 
in the last experiments were treated with 6 drops of aqueous extract (first), 
and with 6 drops of 8 p. c. sol. of Na Cl. After two hours’ exposure at 4 
no coagulation 


Exp. 7. In this experiment the activity of a solution of fibrin-ferment 
prepared exactly according to the directions of A. Schmidt, and of a solution 
of washed blood-clot in 8 p.c. Na Cl was contrasted. The same volume of 
the two solutions (6 drops) was added to 10 c. c. of diluted salt plasma. The 


A thin ooagu-. A thin coagu- 


“After standing for 
lation. Tation. 


following are the results : 
Schmidt’s aqueous 8 p.c. Na Cl sol. 
| solution of ferment. of washed blood-clot. 
After 1 minute No change. Coagulating. : 
.. 4 minutes A small coagulum. Coagulated throughout, 
No perceptible difference. Perfect coagulation. 


On certain Characters possessed by the Na Ol Solution of Washed 
Blood-Clot. 


_ These solutions cannot lay claim to freedom from other bodies than 
the fibrin-ferment. On the contrary, they always contain a body or 
_ bodies belonging to the group of globulins, as proved (1) by being a 
coagulated by heat; (2) by being precipitated by CO,; (3) by being 7 
precipitated when saturated with NaCl or with magnesium sulphate. 4 


The activity of the saline solution is destroyed by boiling. 
This is proved by the following experiment :— ge 

Exp. 8. 10c.c. of 8 p.c. solution of washed blood-clot in Na Cl were 
boiled, when a considerable quantity of proteid matter separated; the liquid 
was filtered; the filter and the filtrate were each separately added to 5 c. c. 
of diluted salt plasma, whilst a third portion of 5c. c. of the latter was 
treated with 8 drops of unboiled solution. 
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§¢.¢. of -salt 6.6, of salt 5 c. ¢. of salt 

plasma +8 drops of plasma + filtrate plasma + 
unboiled solution. §§ fromcoagulum. coagulum. 
Coagulating, No change. No change. 


The activity of the saline solution is destroyed by heating 
to 56°—58°C. The following experiment, which is one of two de- 
terminations, proves this proposition :— 


. 9... A solution was made by extracting 2:4 grms. of dry washed 
blood ot with 100 ac of 8 p. c. salt solution, A portion of this was 
very gradually heated, and observations made at various temperatures to 
determine 1st the clearness or opalescence of the solution; 2nd its coagulant 
power. The following are the results: 


At 45°C, = Solution clear. Caused coagulation of diluted © 


3 salt plasma at 43° in 2 minutes, 

i salt plasma at 43° in Fer 

‘No coagulation after 2 hours. 

65° Separation of floc- ae 

eee eee culent precipitate. _ eee 


The activity of the saline solution is almost annihilated 
by dialysis. 


_ Exp. 10. 20. c, of an active 8 p. c. solution of washed blood-clot was 
placed in a dialyser for 48 hours; the solution became turbid by this treat- 
ment, A portion of the solution was filtered and then equal volumes of the 
clear filtrate and of the turbid unfiltered solution were added to dilute salted 

plasma, heated as in the former experiments. 


| Filtered solution, Turbid solution. 
After 3 minutes No Beginning to coagulate. 
Coagulating throughout; coagulum 
| speckled by minute fragments 
scattered through it. 


__ Exp. 11, 20... of a solution made by digesting 5:2 p. c. of dried washed 
_ blood-clot in 8 p.c. solution of Na Cl, was subjected to dialysis, The water 
was changed repeatedly, and the contents of the dialyser became slightly 
putrescent, and turbid. The contents of the dialyser possessed feeble, though 
decided, coagulant action. 


Exp. lla. 10c.¢ of a 24 p.¢. solution of clot in 8 p.c. Na Cl solution 
dialysed. Water twice renewed, Turbidity occurred as before. 1 c¢,c. of 
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fluid of dialyser added to 10 c.c. of diluted salt plasma caused coagulation 
in 24 hours. 

The two last experiments indicate that whi subjected to dialysis, 
a great part of the ferment is precipitated. This fact bears out the 
statements of A. Schmidt, whilst it is in contradiction with the 
experience of Hammarsten, who has found that dialysed solutions of 
the fibrin-ferment may be very active. 


The activity of the saline solution is almost wanihiiated 
by saturating it with magnesium sulphate. This proposition 
seems to be established by the following two experiments:— — 


Exp. 12. A very active solution made by digesting 5:2 grms of washed 
blood-clot in 8 p.c. solution of common salt was saturated with magnesium 
sulphate, and filtered from the resulting precipitate. — 

__ 5 drops were added to 10 c. c. of the diluted plasma heated to 40° C. 


After 12 minutes No change. 
Observations not continued. 


Exp. 13. A very active solution made by lacing 2°5 grms. of washed 
oe in 8 p. c solution of Na Cl saturated with Mg SO,; the fluid 
tered. 
1-c. c. of the clear filtrate added to 10 c. c. of diluted salt plasma. 


After 10 minutes No change. 
(ae Fluid slightly turbid ; no true coagulation. 
24 hours trace of flocculent substance has separated. Is it 
fibrin ? 


Conclusions. 


The experiments which have been narrated above lead one to the 
following conclusions : 


. (1) That the washed blood-clot of Buchanan does possess the 
property of inducing coagulation in fluids which unquestionably con- 
tain fibrinogen and paraglobulin, but which do not coagulate in the 
absence of the so-called fibrin-ferment. © 

(2) That the principle, whatever it may be, which confers this 
property on washed blood-clot is almost insoluble in distilled water. 

(8) That the principle is readily soluble in solutions containing 
moderate quantities of Na Cl. 

(4) That circumstances which lead to precipitation of the glo- 
bulins diminish in a remarkable degree the activity of the new ferment 
solutions. 


PH. II. | 12 
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(5) That active salt solutions are rendered inert at the tempera- 
ture of 56°—58°C., which corresponds to the temperature of coagulation 
of two of the globulins, myosin and fibrinogen. 

All these facts taken together would lead one to suspect that the 


_ so-called fibrin-ferment is in reality a proteid body, belonging to the 


group of globulins, and not merely that it is a body which is carried 
down from its solutions by a globulin which is being precipitated. I do 
not, however, wish to draw hasty conclusions from the new facts which 
I have observed; rather I would ask those who, like A. Schmidt and 
Hammarsten, have made this subject their own to take up the 
investigation where I am obliged to leave it. 

There are a few observations which, however, I should like to make 
in conclusion : 
_ It is conceivable that a body might pass into solution in water 
under the circumstances which exist in the process of preparing 
Schmidt’s fibrin-ferment solutions, and yet, that under different cir- 
cumstances, the same body might be insoluble or nearly so in distilled 
water. Thus when blood or serum is precipitated by the addition of 
twenty times its volume of water, not only are the proteids and the 
haemoglobin precipitated, but likewise a considerable proportion of 
inorganic salts. It is not only conceivable, but most probable, that 
when the coagulated matters are treated with water, these salts would 
play a most important part in effecting the solution of the fibrin-fer- 
ment, supposing that body to be a proteid belonging to the class of 
globulins. 

Again, having once been dissolved in water, it is quite conceivable 
that dialysis should not succeed in effecting the complete precipitation 
of the body, even though the substances had been removed through 
whose agency it was first dissolved. We know, for instance, that para- 
globulin cannot be completely separated from its solutions by subjecting 
them to dialysis, even after a preliminary treatment with CO, or acetic 
acid. Thus some points wherein the new solution of fibrin-ferment 
differs from that of Schmidt may be explained. I cannot, however, 
reconcile the results which I have obtained in reference to the tem- 
perature which destroys the activity of the fibrin-ferment with those of 
Professor Alex. Schmidt. That eminent observer states that his 
solution requires to be boiled for some time before its activity is de- 
stroyed’—a result which is in startling contradiction with mine. Equally 

1 Alex. Schmidt. ‘‘Neue Untersuchungen iiber die Facerstoff-gerinnung,”’ loc, cit., 
p. 463. 


bits 
Hi 
if 
| i! 
| | 
| | 
| | 
; 
| 
| \ 


ON FIBRIN-FERMENT. 157 


difficult is it to reconcile Professor Hammarsten’s experience with 
mine or even with Schmidt’s as to the effect of dialysis upon the 
activity of a solution of fibrin-ferment. 

Schmidt found that his solutions of fibrin-ferment were most 
active when most impure, and that when dialysed the activity under- 
went remarkable diminution, a result which he ascribed to the action of 
the atmosphere upon the solution; in my experiments my active salt 
solution lost immensely in coagulant power by being subjected to 
dialysis, a result which I am inclined to ascribe to a precipitation of 
the ferment. Hammarsten, on the other hand, has purified solutions _ 
of fibrin-ferment by dialysis, and found them to retain their activity 
unimpaired, 


As fibrin which separates from the blood under the circumstances of 
Buchanan’s experiments possesses in a marked manner the property 
of inducing the coagulation of certain transudations and of salted 
plasma, and yields, when treated with solutions of NaCl, solutions 
which possess in an intense degree the property of the so-called fibrin- 
ferment, it will be asked whether ordinary fibrin which is separated 
from blood by stirring or whipping blood does not even possess a coagu- 
lant action per se, and yield, with NaCl and water, solutions possessed 
of coagulant activity. As far as my experiments have gone, it would 
appear that fibrin does possess a coagulant action, and is capable, under 
the circumstances mentioned above, of yielding ferment solutions; the 
activity is however much weaker than that of the fibrin to which 
Buchanan ascribed the misleading epithet of ‘washed blood-clot.’ . 


T have to thank Herr Adolph Spiegel for much help in sie ies 
out the experiments mentioned in this paper. 


MANCHESTER, May, 1879. 
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ON THE COAGULATION OF THE BLOOD AND OTHER 
FIBRINIFEROUS LIQUIDS’. 


By ANDREW BUCHANAN, 
Professor of the Institutes of Medicine in the University of Glasgow. © 


Dr BucHANaN showed’ some specimens of hydrocelic serum, the fibrin 


_ of which was coagulated by means of a few fragments of the washed clot of 


blood added to it some time before. The coagulated masses were transparent 
and tremulous, like calf-foot jelly, and so firm as to admit of being inverted _ 
on a plane surface without altering their shape. Dr Buchanan made the 
following observations in explanation of the phenomenon : 

The experiment exhibited to the Society, and the analogous experi- 
ments mentioned. below, seem to me important, as serving to rectify some 
prevailing opinions as to the essential’ properties of fibrin, and the part 


which it plays in the coagulation of the blood and certain other physio- 


logical processes, They are still farther interesting to me, as enabling me 
to correct some erroneous views of the constitution of the blood which I 
entertained, and which having been made public in the first volume of 
the “ Proceedings of the Society,” I feel it a duty to rectify. The 


opinions commonly entertained by physiologists and chemists, to which 


allusion has just been made, are, that fibrin has a spontaneous tendency 
to coagulate, that this spontaneous coagulability is a characteristic property 
of fibrin, by which it is distinguished from albumen and casein: and that 
the coagulation of the blood, and of various other animal fluids, depends 
on the spontaneous coagulation of the fibrin which they contain. My experi- 
ments, on the other hand, show that fibrin has not the least tendency to 
deposit itself spontaneously in the form of a coagulum ; that, like albumen 
and casein, fibrin only coagulates under the influence of suitable reagents ; 
and that the blood, and most other liquids of the body which appear to coagu- 
late spontaneously, only do so, in consequence of their containing at once fibrin 
and substances capable of reacting upon it, and so occasioning coagulation. 
The liquid of hydrocele, and other dropsical liquids, are generally regarded by 
physiologists as identical with, or at least closely analogous to the “ liquor 
sanguinis,” or liquid part of the blood ; which they suppose to be effused, both 

1 Reprinted from the London Medical Gazette or Journal of Practical Medicine, 1845, 


Vol. I., New Series, p. 617. 
2 This paper was read before the Philosophical Society of Glasgow. A. G, 
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in health and in disease,’from the capillary blood vessels into the serous 


cavities and cellular interstices of the body. I have elsewhere shown’ 


that of all these effused liquids that of hydrocele approaches most nearly 


in its qualities to the serum of healthy blood. In two cases in which 
the experiment was made, the specific gravity of hydrocelic serum and 
of the serum of blood drawn from the same individual on the same-day 
differed very little, and I have recently met with an instance of hydrocelic 
serum drawn from a very strong man having a specific gravity as high as 


1-038, much higher therefore than the ordinary specific gravity of the serum — 


of blood. I entertain no doubt, therefore, that the serum drawn off in cases 
of hydrocele is, for the most part, identical with the liquid part of the blood. 
Such an opinion, however, can scarcely be held by those who believe the 
liquid part of the blood to be spontaneously coagulable; for, without contro. 
versy, the liquid of hydrocele possesses no such property, as I have ascertained 
by attentive observation in many hundred cases. If carefully drawn off, it 
may be kept till it putrefies without showing the slightest tendency to coagu- 
late. If, again, as frequently happens, a little blood has been accidentally 
mingled with it, coagulation may ensue, not spontaneously, but from the 
reaction of certain elements of the blood upon the dissolved fibrin, This, if 
we leave out of sight the propensity to make facts bend to theory, is the 
only explanation that can be given of the assertion frequently made, but so 
inconsistent with observation, that the fluid of hydrocele is spontaneously 
coagulable. 

- What are the elements of the blood that have the power of causing fibrin 
to coagulate? The washed clot of the blood is the most efficient. It is, 
perhaps, indeed, thé only element of the blood that has the property of coagu- 
lating fibrine. The washed clot is the substance which is usually, but very 
erroneously, named the fibrin of the blood. It is best obtained (Med. Gazette, 
1836) by mixing one part of liquid blood with from six to ten of water, and 
stirring them carefully for five minutes, so as to prevent the blood from 
falling to the bottom and coagulating unmixed. After the mixture has stood 
from twelve to twenty-four hours it is to be filtered through a coarse linen 
cloth, and the product washed with water. The mass thus obtained consists, 
chiefly, of the insoluble portion of the red corpuscles ; next of the colourless 
granules and globules, and least in quantity of the precipitated fibrin, by 
which these main constituents of the coagulum are agglutinated together. 

Let a small quantity of this substance be mixed with the liquid of 
hydrocele, reducing it to minute shreds and diffusing it equally through the 
liquid. Coagulation will ensue in many cases as rapidly as in the liquid 
blood itself. The coagulum is often quite distinct in from five to ten minutes. 
It becomes gradually firmer, and in the course of a few hours admits of being 


1 Med. Gazette, 1836. 
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passed without breaking from one vessel to another, and very much resembles 
the transparent tremulous substance of calf-foot jelly. The power which the 
washed clot has of coagulating fibrin is not less remarkable than that of 
rennet in coagulating milk, to which, indeed, it may be aptly compared. This 
experiment is well adapted to the lecture-room, the reagent being added to 
the liquid serum at the commencement of the lecture, and the coagulated 
mass shown at the end of it. A very complete illustration of the process by 
which the blood coagulates may be exhibited by adding to the liquid along 
with the reagent some pounded charcoal, the particles of which being diffused 


_ through the liquid, and getting entangled in the meshes of the nascent fibrin, 


there is formed a black clot, which, on the addition of a little water, swims in 
it, just as the blood-coagulum does in the liquid serum ’. 3 
The washed coagulum retains its coagulating power for a long seiciod, 


even after its odour indicates the commencement of the process of putre- 


faction. In preserving it as a reagent, however, I think it advisable to add to 
it a small quantity of spirits, and to keep it.in a stoppered phial. Thus kept, 


I have found it to retain for several months its power of coagulating fibrin. 


The serum of hydrocele is the move coagulable the fresher it is. It sometimes 
soon loses its coagulability on being kept, but more frequently retains it till 
putrefaction is far advanced. There is, therefore, no difficulty for any one 
repeating those experiments and satisfying himself of their truth, 

The experiment which I have described’ is very analogous to some experi- 


ments which I performed in the year 1831, and of which I afterwards 


published an account in the London Medical Gazette, April 9th, 1836, I then 
showed, that if the clot of blood reduced to the liquid state by kneading and 
expression through a linen cloth be mixed with hydrocelic serum, the mixture 


-recoagulates into a perfectly homogeneous solid mass which, like the ordinary 


coagulum of blood, becomes florid on exposure to the air; and that if a 
portion of coagulum not so disintegrated be put into a vessel containing 
hydrocelic serum, a web of fibrin is gradually spun around the coagulum. I 
showed that these effects were not due to the colouring matter of the clot, 
but I did not try the effect of the washed clot, my attention having been 
called in a different direction, by finding that pure serum of blood and 
hydrocelic serum when mixed together underwent coagulation. On since 


_ discovering the efficacy of the washed clot in causing coagulation, I thought it 


probable that the minute solid particles, which the microscope never fails to 
detect in the serum of blood, were the agents to which the coagulation of the 
two kinds of serum when mixed together ought to be ascribed, This cor- 
responded well with the observation which I had long before made, that the 
deeper the red tint of the blood-serum employed in the experiment the better 


1 During the last winter I repeated this experiment, substituting carmine for charcoal 
and with the result of obtaining a red clot. A. G, 
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does it succeed: On the other hand Dr Anderson, in his paper “On the 
state in which fibrin exists in the blood',” has shown that if the mixed 
liquids be carefully filtered, so that no solid particles can any longer be 
detected by the microscope, coagulation nevertheless ensues, thus rendering it 
probable that the coagulating principle exists in the serum of blood not as a 
solid, but in a state of solution. It may, however, be objected to in this 
experiment, that the blood-corpuscles pass through any filtering paper, how- 
_ ever dense ; and that it is impossible by filtration to deprive turbid serum of 
the solid particles mechanically diffused through it. 

In the summer of last year, after I had satisfied myself as to the power of 
the washed clot in causing coagulation, I tried the effect of the buffy coat of 
the blood, reduced to minute shreds, and diffused through the hydrocelic 
liquid, and found it, in numerous instances, to have a similar power. I even 
found that the dried buffy coat from the blood of a horse, which I had kept 
for several months, on being pulverized and mixed with the liquid, induced 
coagulation. I found the effect of the colourless buffy coat to be much 
greater than that of the red clot. I also found the upper part of the red clot 
to have a stronger coagulating power than the lower part of it. These facts 
seemed to show that it was the colourless corpuscles of the blood in which the 
coagulaat power was. mainly seated. The colourless corpuscles rise to the 
surface on the blood being drawn, and, there exerting their coagulating power, 
render the upper part of the clot invariably much. firmer than the lower part of 
it; and this- is exactly what is seen in a more marked way, in inflamed blood, 
in which the colourless corpuscles. are much more abundant, and rising by 
their levity to the surface, form a layer on the top of the red corpuscles ; and 
thereafter, by their superior coagulating. power, give rise to the firm crassa- 
mentum without redness which we name the buffy coat. As I knew the trans- 
parent coagulum, which we find on the surface of newly formed blisters, to 
consist chiefly of such colourless particles, I tried it as a coagulant, and found it 
to induce coagulation, although less powerfully than the washed clot of blood. 
The coagulum, formed artificially in. hydrocelic serum by different re-agents, 
seemed to have little coagulating power; as if the transparent granules of 
fibrin must not only be precipitated, but have acquired more or less of the 
organized vesicular shape which they have in the blood and in the blister- 
liquid before they possess the power of coagulating. This power seemed, 
therefore, to be the result of organization, and analogous to the metabolic 
power which Schwann has ascribed to the elementary cellules. This view 
led me to think it probable, that all the tissues of the body might have a 
similar power of reacting upon the liquor sanguinis effused into their meshes, 


1 See Proceedings of the Philosophical Society of Glasgow, Vol. 1. p. 201. (The author 
of this paper, Dr Andrew Anderson, was at that time Professor of the Institutes of 
Medicine in the Andersonian Institution. A. G.) 
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and thus s contributing to their own development by engendering there such - 
vesicles a8 we meet with in the blister-liquid. My first trials made with the 
muscle and skin of beef well washed to free them of blood did not succeed, 
but on trying the muscle of veal, I found it to produce coagulation. I after- 
wards recognized a similar coagulating power in the muscular substance of 
beef and veal, in white fish, skin, and cellular membrane; but the effect 
produced was less remarkable than that of the washed clot, and required a 
longer time, generally from one to three days. The tissue which answered 
best was the spinal marrow, probably in part from its great softness and 
diffusibility. On one occasion I found the spinal marrow of a bullock to 
cause coagulation in half an hour, the coagulum formed being very firm and 
beautiful. The substance of the brain seemed to have less power, although 
no rigorous comparison of them was made. Last of all, I found that the 
corpuscles of mucus from the Schneiderian membrane and throat possessed 
a coagulating power, though tardy ; and that even the globules of purulent 
matter, which are just altered primary cellules, retained their coagulant 
power ; for when put into hydrocelic serum, instead of continuing diffusible 
through the liquid, they agglutinated themselves together by the intermedium 
of fibrin, forming a white solid mass, such as we often see of smaller size on 
inflamed membranes. 

These various experiments fully satisfied me that the tissues possess the — 
- property of coagulating fibrin, and I was farther disposed to think that this 
power was most energetic in the primary cells or vesicles, and less energetic 
as these cells passed into secondary forms, as in the red corpuscles of the 
blood, the pus globules, and the various tissues of the body. This corresponds 
well with the greater vigour of development in foetal life and infancy, when 
the tissues have deviated little from their primary structure, and the gradual 
diminution of the activity of the function as life advances and the tissues are 
more and more altered. The coagulation of the fibrin of the effused liquor 
sanguinis under the influence of the primary cells and tissues, may probably, 
therefore, be regarded as the primary organizative act by which the assimil- 
able matter dissolved in the nutritious liquid passes into the form of an 
organized solid. | 

It is scarcely necessary for me to add that I am now satisfied, that the 
fibrin of the animal fluids exist in them in solution previous to its appearing in 
a corpuscular form, and that the liquor sanguinis differs from the serum which 
separates from the blood-coagulum in this respect, that the former contains 
fibrin in solution, while the latter has been defibrinized by the action of the 
colourless blood-corpuscles upon it. I also think the theory of the production 
of cell-germs and cells by the reaction of the two kinds of serum upon each 
other, less probable than the theory of their formation stated above, The 
_ same theory may also be applied to explain the origin of the blood-corpuscles 
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in the capillary lymphatics, and the production of the numerous less regular 
corpuscles which are formed in the capillary blood-vessels during inflamma- 


tion, and which, after mingling with the circulating blood, rise to its surface 


when drawn, and reacting on the fibrin occasion the buffy coat of the blood. 
The opinion expressed by Dr Anderson in his paper already quoted, that the 


blister-liquid contains fibrin which is precipitated during coagulation, I 


believe to be correct in many cases, as I have sometimes found that liquid, 
when acted upon by the washed clot, to deposit fibrin. In other cases again 
I have found, on applying the same test to the blister-liquid, that it contained 
little or no fibrin, and in such cases I believe the coagulum which forms in it 


_ to result from the simple aggregation of the organized corpuscles which it 


contains, as observation with the microscope first suggested to me. 
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ON THE EFFECT OF TWO SUCCEEDING STIMULI 
UPON MUSCULAR CONTRACTION. By HENRY 
SEWALL, Fellow of the Johns Hopkins University, Baltimore. 
(Plate VI.) 


_.THE attention of investigators of muscular contraction has, of late, 
been directed particularly to the limits of the frequency of stimulation 
within which a succession of stimuli must be included in order to 
produce a complete tetanus; and also to the alteration of the irri- 
tability of the muscle due to excitation. 

' Most of the study heretofore has been upon tetanus produced by 
many succeeding stimuli, but in the following pages the summation 
of two simple contractions only will be considered. The nature of the 
results of all such work must depend upon the character and laws of 
certain variables out of which a tetanus is built up; and it was the ~ 
object of the research described in the following pages to elucidate the 
effect in the summated contraction due to them, of two single stimuli 
succeeding one another at various intervals of time, and to endeavour 
to get a clearer idea of the factors of that simple tetanus. 


Apparatus and method. 


The instrument employed was an elaborate form of the pendulum 
myographion of Fick, as modified by Mr Dew-Smith of Cambridge, and 
made by Elliot Bros. of St Martin’s Lane, London. The working 
part of the apparatus is supported by a massive tablet of wood, which 
is screwed upon the wall of the work room. The pendulum is made 
up of a framework, some 43 inches long, of steel carried by an axle 
moving on friction wheels, and having at its lower end, before and 
behind, supporting clamps for two heavy glass plates. As in Fick’s 
instrument, the tracing is recorded upon the front plate, the other 
serving merely as a compensating weight moving opposite to the 
first when this is screwed up or down by wheelwork carried within 
the base of the pendulum. An electro-magnet, movable on a graduated 
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arc behind the pendulum, may be made to hold or release the latter 
when desired, and swings of various amplitude can be obtained by 
sliding it to and fro upon the are. A toothed spring carried by the 
pendulum is caught and held at the end of the swing by an eccentric | 
wheel, which is also movable on the arc. 

The pendulum carries below an insulated arm which in passing 
breaks the platinum contacts of two separate electric keys; these 
latter may each, by a micrometer screw, be moved along a graduated 
scale; thus two breaks may be had either simultaneously or succeed- 
ing each other at various intervals. In the experiments each key was 
interpolated in the primary circuit of a du Bois-Reymond induction | 
coil, and these two coils were set at some distance from and at right 
angles to each other. A commutator was included in each primary 
circuit. 

The wires fom each secondary coil passed through an ordinary 
make and break key to the electrode clamps of a small moist chamber; 
the latter was placed upon a low table, which was movable by screws 
upon rollers in such a manner that the muscle lever might be moved 
up to or away from the recording plate without changing the relative 
positions of the moist chamber, tuning-fork, &c., carried on the table. 
The eleetrodes used were always “non-polarizable,” a pair being in 
connection with each induction coil. The lever employed was a light 
Marey instrument, amplifying about 12 times, suspended by a thread 
and fastened to the tenden of the muscle by a light hooked needle, 
The stimulating battery was a single small carbon-bichromate cell for 
each induction coil. The muscle used was the gastrocnemius of the 
frog, with its attached seiatic nerve. The experiments occupied the 
months from October to January inclusive. The tracing was recorded 
on smoked glazed paper placed over the glass plate of the pendulum. 
A Kénig tuning-fork giving 200 double vibrations a second wrote 
under the point of the muscle lever. The length of the pendulum 
made the abscissa line one of small curvature; and the unusual 
stability of the whole apparatus, with the nice adjustibility of the 
subjacent contact keys, reduced mere mechanical errors and gave the 
power of determining small intervals of time with considerable ac- 
curacy. By closing either key and bringing the breaking arm of the 
pendulum into contact with it, the point of the muscle lever would 
then denote on the abscissa line the exact instant of the entrance of the 
stimulus into the nerve from the “ break’’ of the primary circuit passing 
through that key. Thus in Pl. VI. Fig. 2 the point of the lever has 
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been used in this way to mark at a its position at the entrance of the 
stimulus giving rise to one single contraction, and at 6 its position 
when the stimulus for the other contraction was let into the nerve. 
The distance between this point and the commencement of the curve 
of the corresponding contraction measures, of course, the latent period 
of the muscle plus the time of transit of the impulse through the 
_ piece of nerve. The interval elapsing between the successive openings 
of the two keys, measured by marking in this way on the abscissa line 
the times of the entrance of the stimulus from each and drawing 
perpendiculars to the tuning-fork curve, I shall call the “interval 
of stimulation.” All measurements were made with the compass 
and laid off on a millimetre scale. In each double stimulation 
the first shock entered the nerve from the pair of electrodes nearest 
the muscle, and the second from the pair farthest from the same; the 
distance between the two pairs of electrodes on the nerve was less than — 
one centimetre, and, taking the rate of the nervous impulse at 28 
metres per second, the interval of stimulation as calculated from the 
distance between the marks on the abscissa line is in error by 
about 755 second. Breaking shocks alone were employed, and the 
pendulum struck both keys under practically the same momentum. 
Maximal stimuli were always chosen; in order to be sure of these, 
the secondary coils were moved just far enough away from the 
primary to avoid stimulations due to unipolar action which might 
cause contraction through breaks of the primary current, even though 
the secondary circuit should be open. The amplitude of the swing of 
the pendulum was made such that the beginning of the contraction 
due to the opening of one key should about coincide with the end of 
the contraction from the other, when the keys were separated as far 
as possible, The muscle was weighted with 20 or 30 grammes accord- 
ing to size. Sometimes an arrangement was used by which the lever 
was supported when it had reached the position which it would mark 
on the plate when the muscle was first fully stretched by the weight ; 
a sort of “after-load” arrangement to prevent gradual stretching of 
the muscle under the influence of a continued load. Everything being 
in readiness, the experiment was begun either at the smallest or the 
greatest interval of stimulation. The summated contraction was first 
obtained, both keys being opened at one swing of the pendulum; and 
then, without changing the relative position of the keys, single con- 
tractions, first from one key and then from the other, were taken, 
all being recorded on the same base line. 
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The keys were then moved a definite distance to or from each 
other; the recording plate was screwed up or down to obtain a new 
base line, and the observations were repeated to the end of. the 
experiment. After the observations the recording lever was made to 
trace a tangent to the summit of each curve for convenience in measure- 
ment as in Pl, VI. Fig. 2. Every experiment was thus recorded in a 
series of tracings like those in Figs. 1—3; the interval of stimulation 
alone being altered for each abscissa line. The direction of the current 
was changed at each stimulation to avoid polarizing the nerve. It was 
necessary to use the hand to move the pendulum back to the electro- 


magnet which held it, and to close and open the circuit through this 


latter; the periods of rest between different contractions were therefore 
not of quite constant duration. There elapsed, on the average, between 
the stimulations giving rise ‘to successive curves about 40 seconds. 
However unsatisfactory such conditions may appear, it seems that the 
many hundred observations made would tend to eliminate errors in 
the mean; and practically there appeared no evidence to show that 
different results could have been obtained by using the most exact 
intervals. 


Construction of the Table. 


In Table I. are shown the results of the series of observations in 
two selected from nearly a score of similar experiments. In the first 
column the interval elapsing between the entrance of the stimuli for 
the two single contractions whose succession has given rise to the 
tetanus on the same line in the third column, is given in z}, second. 
The heights of the single contractions operated on at different stages 
of the experiment are given in the second column in millimetres, In 
the third column is recorded the height of the double contraction 
curve due to the succession of two contractions, of height marked in 
the second column on the same line, at the interval in the first column. 
The increase in the height of the curve of the double or tetanic con- 
traction over that of the single ones whose fusion makes the increase 
will be called simply the “Amount of Summation” of these contrac- 
tions; as seen in Figs, 1 and 2, it is evidently the distance between 


the tangent to the curves of the single contractions and that of the — 


tetanus, The amount of summation in millimetres for different inter- 
vals of stimulation is given in the fourth column. The remaining 
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columns show respectively the height in millimetres which the curve 
of the first contraction had attained at the entrance of the second 
stimulus, and the height of the first at the beginning of the second 
contraction curve, 


Table I. 
Experiment 1 
_() (2) (3) (4) (5) (6) 
Sys | ga 
2| 0-15 195 27°2 77 0: 0* | Began at small 
3 | 0-2 195 27°5 8: 0: 0°6 interval. Load 
4| 03 19°4 | 27:9 0: 30 grms. The 
5 | O-4 19°4 27°4 8: 0- lst contrac- 
6| 05 19°5 27°8 8°3 0- 18 tion _ lasted 
19°6 28°6 9 0: roo Second. 
8 | 17 19°6 29°8 10:2 1:3 118 
23 20 31:2 11-2 53 146 
10 | 28 20 32°6 126 10-1 18: 
11 | 3-4 20 33°2 13:2 14:2 195 
12 | 39 20°1 34:1 14: 16°. 198 
13 | 4:4 20 34°4 144 18:3 19°4 
14| 49 19°8 15: 19°6 17°1 
15 | 56 20 34°8 148 20 148 
16| 6 197 32°2 125 19 10°4 
17 | 66 198 28°6 8:8 15 4 
20° 23:9 3°9 11: 0: 
19; 7% 19°9 20°9 5:2 0: 
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Experiment 2. 
(1) (2) (3) (4) (5): (6) 
gas | Ma. | 
| Seq | 384 | Ed 
1| 81 18-4 | 191 | o7 | 26 | | Began at the 
75 -| 186 | 194 | 08 | 51 | O- greatinterval. 
65 18°8 24°6 58 13° | After-load 30 
5 | 59 19: 28°7 9°7 5-1 grms. 
6.| 5:4 18°9 31°3 12°4 18°8 11°6 | The first con- 
7) 49 18:7 32°6 13°9 18°5 15°8 traction had 
8 | 4:4 18°8 33° 14-2 18° 18: ended in 
9; 39 18°8 32°8 14: 16°2 18°8 second, 
10 | 3:4 18°8 31°6 12°8 12°7 18: 
ll} 28 30°7 11°8 9-1 168 
12; 2:2 18°8 10°1 5:1 
26°9 8: is | 
11 68 0: 6° 
15 | 06 19 6°5 0: 3° 
16} 04 19° 6°3 0: 18 
17 | 03 19° 25-1 0° 16 
18 | 02 19° 23°8 4°8 0: 0°8 
19 | 188 23°4 4°6 0: 0°6 
20 | 0-15 23°3 4-5 0: 0°5 
19° 20°4 14 0: 0: 
OA 18°9 20°3 1°4 0: 0° 
23| 005 | 19 | 19 | 0: 
General Results. 


A glance at the second column shows sometimes irregular variations 
in the height of the single contractions, these now being slightly 
higher, now lower ; oscillations doubtless due to the shifting irritability 

of the muscle passing from a resting to a periodically excited condition, 
and which Kronecker’ has found so prominent in the muscular 
reactions of the frog at certain seasons. More frequently the height 
of the single contraction continually diminishes owing to fatigue. : 


1 Sitzbericht. der K. Berlin. Akad. 1870, p. 638. 
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Results of different experiments show that in separate muscles the 
ratio of the highest summation to the height of the single contraction, 
consequently the increased work done, varies somewhat; a result we 
should be led to expect from the quality differences of muscles. | 

The duration of the simple contractions of different muscles varies, 
but in any muscle the duration of the single contraction usually 
diminishes for some time after beginning work before passing into the 
progressive lengthening indicating fatigue. A warm muscle contracts 
more quickly than a cold one, and the heat developed in contraction — 
is no doubt the cause of the primary lessening of the duration of 
the shortening. 


The Curve of Summations. 


The smallest interval of stimulation of which account was taken 
was about 5,5, second. If the preparation be very fresh a slight 
summation, or increase in the height of the tetanic over that of the 
single contraction, is seen even at this interval. As the interval between 
the stimuli producing the summated contraction is gradually increased, 
the amount of summation in the tetanic contraction shows first great 
irregularity, and then, as the intervals farther increase, the height of 
the summation gradually increases, attains a maximum at a definite 
interval of stimulation, and then more rapidly declines, as the intervals 
still increase. If the summated contractions could all have been 
recorded on the same abscissa, each at a distance from the origin 
corresponding to the interval of stimulation giving rise to it, the 
envelope of the tetanic curves would have a very irregular course at 
that part corresponding to the smallest intervals of stimulation; it 
would then rise gradually to a maximum, and then fall again more 
suddenly. In Fig. 4 is such an envelope constructed from experiment 
2 by marking the heights of the summations in column 4 on ordinates 
meeting the abscissa at distances from the origin corresponding to the 
proper intervals. 

One division on the abscissa = 0°002 second; one on the ordinate 
=l1mm. At the smallest intervals on the left the summation begins 
by a sudden leap; then there comes a short period during which the 
height of the tetanus increases irregularly; then there is another 
decided increase in height corresponding to a greater increase in the 
interval of stimulation, and then the curve ascends pretty regularly 
to its maximum and then declines somewhat more quickly and 
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regularly. Near the end of its fall the “Summation Curve,” as this 
thay be called, evinces a tendency to become parallel to the abscissa 
line. The distance of any point on the base line from the left extremity 
of the latter marks the interval of stimulation at which the summation 
of two contractions (i.¢. the increase over the curves of the single con- 
tractions) equals the height marked by the summation curve on the 
corresponding ordinate. 


Effects of the First Stimulus. 


The length of the base included between the extremities of the sum~ 
mation curve represents an interval of 0°081 second. When the two 
stimuli had succeeded each other at this interval, the first contraction 
had already allowed the muscle to return to its position of rest when 
the second contraction began. Still, on breaking both keys at one 
swing of the pendulum, the second contraction so obtained is higher 
than either of the single ones obtained alone; and we have here 
evidence that the first contraction. left the muscle in a condition such 
that it could respond more powerfully to a succeeding stimulus 
although the excitement causing the first contraction had passed off. 

Inspection of Fig. 3 will illustrate this point. The result here 

- obtained is at variance with the statement of Kronecker and 
Stirling’, that a muscular contraction may begin in so late a phase of 
a preceding one that no increase takes place in the height of the 
second, When one contraction succeeds another at the termination of 
the first, the height of the second curve must be influenced by the 
bounding of the lever due to the fall of the elastic weighted muscle 
after the first contraction; these movements of the lever would be 
more marked the more elastic the muscle. In some few cases I have 
found, as did the authors quoted, that, particularly in the fresh muscle, 
the second curve of the double contraction was less than or equal to 
that of the single one in height, when the curves of the single contrac- 
tions barely met on the base line. 

As is well known, at very small intervals of stimulation, the curve of 

the tetanic contraction begins with that of the first, and has a course 
parallel to that of either single one, differing only in its greater height 
and extent from that of the single contraction. Fig. 1 will perhaps 
recall the relation of the summated and single contraction curves at a 
small interval of stimulation. It is noteworthy that at the smallest 


1 Journal of —, Vol. 1. p. 384, 
PH. II. 18 
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intervals of stimulation the amount of summation is very much greater 
than the height which the first single contraction had attained at the 
beginning of the second. As the stimuli were maximal, and there was 
little or no mechanical lift preceding the second stimulus, we conclude 
that the muscle was put by the first stimulus into a condition modifying 
its reaction toward a succeeding one, giving in effect a result similar to 
that seen to be brought about in succeeding contractions not overlapping. 


Fusion of the Tetanus Curve. 


As the interval of stimulation increases from its smallest value, the 
height and extent of the summated curve becomes greater, and the once 
continuous curve begins to show a sinuation, indicating the superposi- 
tion of one contraction upon another. The point at about which the 
complete fusion of the tetanus curve disappears, and at which its com- 
pound nature is first manifested, is very constant. It is at a mean 
interval of ‘026 second, corresponding to 38°8 stimuli a second. 


The greatest Summation. 


The relative position at which the succession of two contractions 
gives the greatest summation coincides with two things. The greatest 
summation occurs when the beginning of the second contraction curve 
falls upon the highest point attained by the first; here is the greatest 
mechanical advantage which the first contraction can afford. But there 
is reason to think that the interval at which the stimuli succeed each 
other is of great importance apart from that; this interval for the point 
of greatest summation is tolerably constant; the mean of the tabulated 
experiments gives it as 0048 second, corresponding to 20°8 stimuli per 
second. This is about the frequency of stimulation with which a frog’s 
gastrocnemius may just be held in continuous tetanus. 


4 


Rate of Stimulation. 


A priort we might expect that succession of stimuli which should 
call forth the greatest work power with least expenditure of energy to 
be used in the body itself. 

This best relation of force to work seems to be possessed by the 
number 20°8 stimuli per second in the case of the frog’s gastrocnemius, 
and suggests the frequency of stimulation as determined from the 
muscle-note in the human subject. It seems not improbable that the 
rate of stimulation capable of eliciting the greatest sum total of work 
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from the frog’s gastrocnemius, and therefore the rate most favourable to 
the maintenance of the irritability of the muscle, should be this of 20°8 
stimuli in a second. It seems settled that the more frequently the 
_ stimulations succeed each other, to a certain extent, when an excised 
muscle is tetanised, the higher is the contraction curve. This fact does 
not weaken the suggestion made above, for it is presumable that the 
more frequent the stimulation the less is the sum of the mechanical 
work done in proportion to the energy evolved; for Kronecker’ found 
that the more rapid the succession of stimuli producing tetanus the 
more steeply fell the fatigue-curve. 
_- Whether, however, the statement of Marey’ is correct, that in a 
voluntary contraction the frequency of stimulation is greater the more 
powerful the shortening, is not yet certain: the proof given is the ele- 
vation in the pitch of the muscle-note from the masseters with increased 
energy of contraction. 

The observations made above, and the result of the inspection of 
many series of curves, conform with the statement of Helmholtz’, that 
from two succeeding stimuli the contraction due to the second does not 
add itself to the first until the natural latent period of the second is 
past; the second contraction begins at the same time whether taken 
alone or fused with a preceding one. 

However, we shall meet conditions in which this does not appear to 
be true. 


Smallest interval giving a Summation. 

As before observed, the smallest interval of stimulation of which 
note was taken was about ;;; second. At this interval, if the prepa- 
ration were quite fresh, there was a decided summation of contractions at 
the double stimulation. To get a summation at this interval it was 
usually necessary to begin the experiment with the rapidly succeeding 
stimuli; if the experiment began with contractions obtained at great 
intents. the stimulating keys being gradually approached, the increase 
in the summated over the single contraction almost uniformly ceased at 
an interval of sh, to x4, second. 

Proceeding definitely to investigate this eels it was found that a 
muscle in a fresh or after a resting condition, stimulated by 
induction shocks through its nerve, would give a summation 

1 « Ermiidung u. Erholung,” &c. Ludwig’s Arbeiten, 1871, p. 177. 


2 Marey, Mouvement dans les fonctions de la vie, p. 455. 
3 Monatsbericht. zu der Berlin. Akad. 1854, p. 328. 
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in the double contraction at very small intervals of stimula- 
tion. But continued work would very quickly cause the 
summation to fail at the smallest intervals. Ifthe keys were 


then separated somewhat, there was again a summation at the 


new interval; continued work caused the increase to fail here, 
to again return on increasing the interval. A failure of the 
summation of the double stumuli may thus 4 in certain conditions 
occur when they succeed each other at an interval of ty second 
or more. After resting sometime, rs the muscle will 
again give an increase in the summated contraction at the 
small intervals of stimulation, and at a smaller casio ong 
longer the rest. 

In all cases when the summation with the double stimulation failed, 
the curve of the actual contraction coincided with that of the simple 
one due to the opening of the first key. The result cannot be due to 
magnetic influences in the cores of the inductive coils, as might be the 
case in a continued tetanus with a du Bois apparatus’, for each induc- 
tion coil, with its myograph key and stimulating electrodes, was alto- 
gether separate, The phenomenon appeared to bear no definite relation 
to the direction of the stimulating current. The interval of stimulation 
at which the failure of the summation usually occurs is strikingly near 
that with which Bernstein’ got only an “initial contraction instead of 
continued tetanus;” but the results here obviously are not to be ex- 
plained on Bernstein’s hypothesis of an interference of impulses within 
the muscle. Ifthe phenomenon be of functional importance it may be 
described as a fatigue of the muscular tissue respecting quickly succeed- 
ing stimuli, 

It will be noticed that the result here obtained is not necessarily op- 
posed to that obtained by Kronecker and Stirling’, who got from 
shocks induced by the longitudinal vibrations of a rod a perfect tetanus, 
giving rise to the conclusion that the upper limit of the frequency of sti- 
mulation at which a tetanus fails must exceed 20,000 per second. In 
the experiments of these workers the succession of stimuli was kept up 
upon a muscle in different stages of contraction; whereas in my experi- 
ment the first contraction had not at all or but just commenced when 
the second began, and was met by this in but a single phase of its 
excitement. This question will be considered further, below. 7 

The work of Valentin‘, as far as I can understand it, on the effects 


1 Marey, Mouvement dans les fonctions de la vie, p. 382. 
2 Nervensystem, p. 113. 3 Log. cit. 4 Pfliiger’s Archiv, Bd. vit. p. 458. 
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of succeeding stimulations with the constant current on muscle-nerve 
preparations, seems to include results somewhat analogous to the above. 

The familiar work of Helmholtz' on the summation of two succeed- 
ing contractions gives the smallest interval at which two maximal 
stimuli succeeding each other can give a summation of the contraction 
a8 g45 second. But, while considering the errors of my method of de- 
termination, it will be seen from inspection of the figures that it would 
not be difficult to estimate a distance equal to less than } of the space 
from crest to crest of the tuning-fork curve, which fraction corresponds 
to z2y5 second; this matter will be reconsidered farther on. 


The rate of descent of the Tetanic Curve. 


There is a peculiarity brought out by the study of a series of con- 
tractions such as are recorded in the tables, When, at the smaller 
intervals of stimulation, the summation of the double contraction be- 
comes marked, its curve falls from its highest point in a time propor- 
tional to that of the fall of the curve of either single contraction; the 
two are parallel in their descent, see Fig. 1. As the interval of stimu- 
lation is increased, however, the descent of the tetanic curve becomes 
gradually relatively quicker than that of the single contraction; the fall 
of the former is steeper than that of the latter. 

This is the most marked at the highest summations obtained, di- 
minishing as the second contraction begins in a later phase of the first; 
see Figs. 2, and 3, It will be shown that mere increase in the height 
of a contraction does not necessarily alter the rate of descent of the 
muscle curve. An explanation of the fact may be had if we presume 
that in the summation of two contractions at a favourable interval of 
stimulation the contractile energy is condensed and used up rapidly in 
doing work, leaving the muscle an inert body to be rapidly stretched as 
such by the suspended weight when the shortening phase of its con- 
traction is over; while in a single contraction, the contracting energy is 
not expended at the greatest shortening, but resists for a time the fall 
of the appended load, 


The influence upon Muscular Contractility of preceding Stimulation. 


There is a peculiarity due to the activity of muscle which has 
probably been observed by all experimenters upon this tissue, and which 
is usually expressed as the increase of irritability of the muscle, or per- 


1 Loe. cit. 
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haps the nerve, due to stimulation. Fick’ found that the work power 
of a muscle was increased by a limited activity; Minot’ that the in- 
crease of irritability, as shown in the height of contraction with given — 
' load, is modified by definite conditions and has a determinate course. 

I noticed that at very small intervals of stimulation the tetanic 
curve rose considerably above that of the single contraction when there 
could be little mechanical advantage due to the first contraction, Fig. 1. 
Again, when the stimulating keys were so far separated that the single 
contractions did not overlap, there was still an increase in the height of 
the second of the double contraction curves, Fig. 3. We have in both 
cases the same result, that a stimulus pnts the muscle into a condition 
which modifies its reaction toward a succeeding stimulus. | 
With the desire of studying this point, the electro-magnet was 
placed upon its arc on the myograph so as to allow only a slow swing of 
the pendulum, so that when the keys beneath were separated as far as 
possible, the single contractions from each should be by a considerable 
interval on the base line. 

A small electro-magnet with soft iron core was obtained, and a soft 
iron disk serving as its armature was made fast to the muscle lever, and 
the thread upon which the muscle pulled was fastened to the armature — 
itself in such a manner as not to distort the lever during contraction. 
A carbon bichromate-cell was used for the magnet, and the wires of the 
latter were clamped upon one of the stimulating keys, that key which 
should be opened last in the swing of the pendulum. When this key 
was closed the battery circuit passed round the magnet, and the arma- 
ture was held firmly against its core, and the lever could not be raised; 
when the key was opened, things were so arranged that the magnetism 
of the core should be lost. 

Separating now the keys as far as possible, a contraction was 
obtained from the first without using the magnet. The pendulum 
was then replaced, the second key was closed (thus completing the 
magnetic as well as the stimulating circuit), and a contraction was 
obtained from this key alone. This second contraction was usually 
somewhat higher than the first for the magnet, not being of soft 
enough metal, lost its magnetism gradually, causing a slight resist- 
ance to the contraction, thus increasing its power. Knowing now 
the interval of stimulation and the form and amplitude of the con- 
traction curves, both keys were closed to be opened by one swing 


1 Untersuch. ti. Muskelarbeit, p. 9. 
* Experiments on Tetanus, Journal of Anat, and Physiology, Vol. xu. 1878, p. 297. 
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of the pendulum. The stimulation due to the opening of the first key . 

was powerless to cause the muscle to shorten since it could not over- 
come the attraction of the electro-magnet; its excitement was passed 
without disturbing the position of the lever upon the base line. As_ 
the pendulum proceeded in its swing the second key was opened in 
turn and a contraction obtained whose curve began at the same point 
where that of the trial contraction from the same key had began. The © 
stimulating keys were then gradually approached and the process 
repeated at various intervals of stimulation. 

It was found that a given maximal stimulus stirs up the 
untired muscle to a more powerful contraction when it has 
been preceded by the excitement ordinarily producing con- 
traction. 

This increase of contractility due to stimulation’ is apparently a 
character of the fresh muscle; it fades away gradually and disappears 
first at the greatest intervals of stimulation; a curve representing its 
force would be highest at the period of the greatest energy of the 
excitement due to the first stimulation. 

* Tt seems certain, indeed, that on continued work, this influence of 
the first stimulus changes its sign and leaves the muscle in a less irrita- 
ble condition as regards succeeding stimuli. But it was impossible 
with the myograph to make use of sufficiently definite periods between 
the different sets of observations in an experiment to undertake this 
question. In those rather rare instances in which the curve due to the 
first of two succeeding normal unrestrained contractions had coincided 
with the base line before the beginning of the second, this contraction 
curve was invariably higher than the first. If a single contraction 
immediately precede, but be not included within the tetanic contraction 
due to breaking both contacts at one swing of the pendulum, the 
tetanic curve in this case would be much higher and more continuous 
in direction than normally. A number of accidental occurrences having 
this result led to the study of the influence upon the irritability of the 
muscle exerted in general by tetanic stimuli. In. the experiment, a 
wire was made fast to the first key of the myograph so that it should 
be lifted out of a mercury cup, and break the circuit in a third induc- 
tion coil a period after the opening of the first key. The secondary 
wires of this last coil were attached one to either of the original pairs 
of stimulating electrodes. Barely opening the first key now gave the 
ordinary stimulus from it; but on moving the key still farther from its 
contact, the wire bound to it was lifted out of the mercury cup and the 
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primary circuit of the third induction coil was broken. Thus the 
pendulum in its swing would move the first key so far that. two suc- 
cessive stimuli should come from the opening of the one key. The 
tetanic shortening excited by opening the first key was restrained by 
the means used for the first single contraction in the preceding experi-— 
ments. Proceeding in the same manner, now, as before, it was found 
that a tetanic stimulus, the excitement due to which has not 
been allowed to shorten the muscle, leaves the muscle in a 
state of greater irritability toward succeeding stimuli than 
does a single stimulus under the same circumstances; more- 

over the influence of the tetanic stimulation lasts longer than 
that of the single one, 

This result appears to have an Snleatentinas relation to the apparent 
want of agreement of the fatigue curves as obtained by Kronecker’ 
and by Minot*®. The former used a succession of single stimuli and 
found that, after slight irregularity, the envelope of the contraction 
curves fell as a straight line. The latter worker applied tetanic im- 
pulses for some 4 seconds at intervals of 20 to 30 seconds, and found 
that the “Curve of Exhaustion begins with a rise which marks the time 
of increasing irritability.” 

Whatever opposition there may appear to be between the two con- 
clusions is explained if we take into account the greater intensity and 
duration of the increase of irritability due to a tetanic stimulus as com- 
pared with that giving rise to a single twitch of the muscle. : 


The Latent Period. 


If, instead of restraining altogether the single contraction dims to the 
opening of the first key, the magnetic current be broken in a late 
phase of the first contraction, the muscle lever will be raised very 
slightly, shewing a remnant of the contracting power set up by the 
first stimulus. If now, from the same swing of the pendulum, a con- 
traction from the second key succeed this remnant of the first at such 
an interval that the latent period of the normal second contraction 
shall overlap the beginning of the curve of the partially restrained first 
contraction, then the summated effects of the two contractions is much 
greater than that of either alone; and this greater curve begins at the 
point at which the tiny curve of the restrained first contraction begins. 
In other words, the latent period of the second contraction is neatly or 


1 “Ermiidung u. Erholung d. oT Muskeln,” Ludwig’s Arbeiten, 1871, 
p. 177. 4 Loc. cit. 
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quite annulled, and the energy of the two contractions is summated at. 
the entrance of the stimulus for the second. 

This is a conclusion drawn from the inspection of numerous trac- 
ings; if there be no error involved, it exhibits an interesting relation 
between the processes going on during the latent period of stimulation 
and the tensions set up in the muscle by preceding stimuli, or rather 
by the restrained effort to contract. | 

It was mentioned early in this Article that in an ordinary tetanus 
‘no stimulus succeeding another showed its effect upon the contraction 
curve from this until the usual latent period of the second stimulus 
had elapsed. 


Contvantions from Artificially Shortened Muscle. 


An attempt was made to determine the effect which the mere 
physical condition of shortening due to stimulation has upon succeed- 
ing contractions. If the biceps, for example, be made to raise the 
forearm and this then be supported by some external object in that 
position, the muscle may be said to have a new natural form in a 
_ different sense from that of Weber’; it now does no work and is in 
a resting state, but. can succeeding contractions take advantage of this 
artificial shortening as of the active contractions of tetanus? A slow 
swing of the pendulum was employed as in the last experiment, and 
the stimulation keys were separated as far as possible. There was 
attached to the recording lever, and swinging freely by a hinge joint, a 
small brass rod with a bevelled end. On raising the lever the extremity 
of the rod moved lightly upon the inclined rim of a metal plate with 
a notch into which the end of the little rod could be dropped at any 
desired height, thus keeping the lever supported in an elevated position 
without weighting the muscle. Most of the observations were made 
upon muscles suspended vertically in the usual way. An ordinary con- 
traction was first recorded from the break of each key; then the lever 
was supported in the notch of the brass plate, the muscle thus being 
unloaded and looped a bit, and a double stimulus was given at such 
an interval that the first contraction had already disappeared some time 
before the second stimulus reached the muscle, the first being used 
simply to bring the muscle into the form natural at that stage of 
contraction to which its extremity had been elevated. | 

It was evident from the outcome that the height of a contraction 
beginning from an artificially shortened condition is relatively less than 


1 Wagner’s Handwérterbuch d. Physiologie, Bd. ut. p. 110. 
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that commencing from the full length of the muscle; the greater the 
artificial shortening, the less is the height of the contraction proceeding 
from it compared to that from the normal length of the muscle. This 
is of course what might have been predicted ; for the less the length of 
muscle to start with, the less can be the extent of its shortening: but 
the advantage which the artificial shortening gives to a succeeding con- 
traction is very much less than that due to an active shortening during 


' which the muscle is a condition of considerable tension. The duration 


of each second artificially aided contraction was less in proportion to 
the height from which it began; and of two such succeeding contrac- 
tions the height of the second was always the greater. - 

Considerable absolute increase over the height of the normal simple 
contraction may be had by this method. There may even sometimes 


be a slight contraction superadded when the preliminary shortening has 


been made to exceed that due to a normal simple contraction. 

If the support under the lever be suddenly removed after the second © 
contraction has begun, the fall of the curve will be parallel to that of 
the normal contraction, provided the contraction had not begun from a 


height greater than that which the normal would have attained ; other- 


wise the fall is steeper than that of the normal contraction. 

Another arrangement was made by fastening the whole leg of a ‘frog 
in such a manner that the gastrocnemius should lie horizontally and 
draw the thread attached to its tendon over a pulley, the tendon alone 
being cut free for the purpose. Proceeding in the same manner as 
before, contractions from the artificially shortened muscle show at first 
a slight absolute increase in height over the normal contraction, and 
afterward an absolute diminution compared to it. 

These last results are much more decisive than those usually ob- 
tained from the vertically suspended muscle in their support to the 
conclusion drawn from the experiment. The superiority of the latter 
method is evident, but the apparatus was not favourable to experiment 
on muscles in a horizontal position and few such were attempted. It 
will be noticed that in these experiments it was assumed that the inter- 
nal distribution of the muscle molecules giving rise to the contraction 
form might persist for a period after the cessation of the functional 
excitement, when the muscle carried no weight; that the tensions 
accompanying any stage of shortening still determined the physical 
condition of a muscle in a form natural at that stage, whose activity 
had ceased. We should then be able to treat the muscle as a 
body whose extensibility had been vastly increased and its elasticity 
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proportionately diminished. The condition may be simulated by sup- 
posing a steel spring in a form due to great tension to be suddenly 
converted into soft iron. Weber’ describes the cessation of active 
contraction of a muscle, as observed through the microscope, to be 
accompanied by a bending and looping of its fibres. This fact would, 
partially at least, make untenable the assumption advanced above ; 
still it does not alter the main result, that the greater the prelimi- 
nary shortening, and therefore the more extensible the muscle to begin 
with, the less is the contractile or work-power educed by a succeed- 
ing stimulus. 

The results on the supposition of the change of physical properties 
alone in the artificially shortened muscle also satisfy Weber’s® state- 
ment, that the differences in the work-power of muscles lies in the 
variability of their elastic coefficients. 

Heidenhain® has made out that the kinetic energy set free in 
contraction is a function of the tension within the muscle at the begin- 
ning of and during contraction. This function, at least its mechanical 
element, has been here found to increase with the length, but only 
as this increase was attended with a diminution of extensibility; it 
follows then that, considering this variable, the most work can be done 
by a muscle the greater its length at the beginning of contraction; pro- 
vided the preliminary stretching does not diminish the elasticity of the 
— muscle. In regard to this last Fick*, who has worked out the above 
conclusion with thoroughness in other ways, has found that the frog’s 
gastrocnemius is capable of doing the greatest total of work in contrac- 
tion with a load of from 50 to 70 grms.; Marey’ states that the load 
which first permanently stretches the same muscle, and therefore alters 
its elastic coefficients, is in the neighbourhood of 50 grms. 


The Rate of Liberation of Energy in a Single Contraction. 

Fick® originated an interesting experiment to the purpose of find- 
ing out the rate of development of energy at different stages of a 
single contraction. Thanks to a good instrument I was able to obtain, 
perhaps, more definite results on this point. 

A rapid motion of the pendulum was used. 
_ The first key of the myograph alone was employed in stimulating; 
the electro-magnet under the recording lever being in connection with 

1 Wagner’s Handworterbuch, Bd. m1. p. 57. 2 Op. cit. p. 116. 


3 Mechanische Leistung, &c. pp. 90, 103, 107. 4 Muskelarbeit, p. 15. 
5 Mouvement dans les fonctions de la vie, p. 301, 6 Muskelarbeit, p. 56. 
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the second key. In the experiment a normal contraction was first 
obtained, both keys being opened simultaneously. The keys were then 
separated by a short distance and were again opened at one swing, the 
shortening due to the first key not manifesting itself of course on the 
tracing until the second key had been opened and the magnet demag- 
netized, Exact time relations were determined by means of the vibrat- 
ing fork. 

It was found, as Fick had established, that restraining a muscle 
from shortening after contraction should normally have set in, may 
greatly increase the contractile force of the muscle when let free. 

This development of energy, as shown in the height to which the 
lever was thrown when released by the magnet, increases rapidly toa 
maximum and then diminishes more slowly. 

The time elapsing between the stimulation and the greatest Siitew: 
ment of energy, as indicated by the greatest shortening, is not quite con- 
stant for different muscles, but always considerably precedes the — 
of maximum of the normal contraction ; Fig. 5. 

The functional changes efficient to cause a contraction fade 
away at quite different rates, even in the same muscle; and have 
probably always disappeared in a less time than that which would 
have been occupied by a normal contraction. This is in opposition 
to Heidenhain’s’ deduction that the liberation of energy continues 
throughout the period of the relaxation of the muscle. The restrained 
muscle contracts instantly on being let free; there is an apparent 
latent period preliminary to the shortening, but when a stretched 
rubber band was substituted for the muscle a latent period of about 
equal length was obtained, giving rise to the conclusion that it was 


only the effect of a residuum of magnetism in the core of the magnet 
after breaking its circuit. 


The curve of the restrained contraction, when this is near its maxi- 


mum, rises much more suddenly than that of the normal; its height 
may be more than double that of the latter, and its fall may or may 
not be parallel to that of the ordinary contraction. Inserted here is a | 
Table from three out of a number of series of observations. In the first 
column the period during which the normal contraction has been 
restrained is given in ;}, seconds. In the second column is the height 
which the curve of the normal contraction would have attained in. this 
time, in millimetres, as measured from an actual contraction curve. In 
the third column is given the height in millimetres to which the lever 


1 Mechanische Leistung, p. 168. 


z 
4 
av 


EFFECT OF TWO SUCCEEDING STIMULI. 


183 


was thrown when let go after this interval. In the fourth and fifth 
columns are shown respectively the duration and maximal height of the 


normal contraction tracing. 
Table Il. 
Experiment a. 
(1) (2) (3) (4) (5) 
Time difference 
Height of the nor-| - 
pr Height of the | Duration of the the 
normal and of the| ®t the beginning | restrained con- | normal contrac-| jormal con- 
restrained contrac-| °f the restrained | traction in mm. | tion in yj, 8eC8. |b action in mm. 
tion in ,4, secs. in mm. : 
06 20°5 72 17 
14 10: 28°6 
2° 14: 31° 
2°5 16-2 28°4 
3°5 15:2 
15°5 5° 
5:4 95 i 
0 
Experiment 
06 4-2 29-2 9: 
16 14: 37°5 
2°6 22-2 36°3 
25:2 35°6 
46 25°3 29°2 
56 22°8 10°5 
66 178 8: 
0 
Experiment c. 
09 5°D 32°5 9-7 26° 
19 15:2 38°3 
3: 22° 34°2 
3°5 24°7 14°5 
4:2 26° 2°6 
24° 


B and C of the Table are two experiments from the same muscle. 


If, as Fick supposes, the time relations of the evolution of energy 
in the restrained contraction are proportional to those of the normal 
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contraction, we have here some intimation of the variation of the 
tension changes during a single contraction, and a graphic may be 
constructed showing them. Fig. 5 is such from the series under A in 
the Table. The abscissa units correspond each to 5}, second, and each 
ordinate unit to 2mm. in the height of the contraction curve. The 
lower curve is described through points placed at the height which the 


normal contraction would have attained (as determined by actual 


measurement) when the restrained contraction, the height of whose 
curve is marked on the same ordinate, had first begun. 

The restraining action of the magnet may be considered as the in- 
fluence of a great load or “after-load” upon the muscle. We can 
determine the possible duration to which the latent period of stimula- 
tion may be extended by the greatest load which the muscle can lift ; 
the contraction must begin, under these circumstances, at the period of 
the greatest liberation of energy. Taking the ordinary latent period 
as ‘01 second, we find from the mean of the above three experiments 
that the greatest shortening of the restrained muscle, and presumably 
its greatest contractility, occurred at the end of ‘051 seconds from the 
moment of stimulation ; or ‘041 seconds after the cessation of the — 
normal latent period. Conversely, knowing’ this period, the greatest 
lifting power which the muscle can exert may be measured by the 
weight which can just be raised when the contraction has been 
restrained until this period. 

Curves constructed like that of the higher of Fig. 5 seem to be 
pretty constant in the proportions of the ascending limb; but the form 
of descent varies greatly. 


The Nature of Muscular Irritability. 


When one uses the term “Irritability” as a property of muscular 
tissue there is meant, in general, an expression of the power of re- 
acting mechanically to varied stimuli, to which purpose the muscle 
has been specialized. The single word “irritability” is so far unfor- 
tunate in that it includes two characters of different significance, and 
better distinguished in the German expressions “Erregbarkeit” and 
“ Leistungsfahigkeit,’ which, as regards muscle, we may define as 
Excitability and Contractility. A muscular contraction is set up, we 
may presume, only when an access of energy from without has dis- 
turbed a certain structural equilibrium in its molecules; the less stable 
this equilibrium is the less need be the force necessary to bring about 
disarrangement preliminary to contraction; 7.¢. the excitability of the 
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muscle to stimuli increases with the ease with which the equilibrium 
of the muscle molecule is disturbed. Again, if with Ranke we con- 
sider the final efficient stimulus to be the presence of a certain 
amount of some chemical substance in the muscle, then it might be 
that if a definite, but not sufficient, amount of this substance were 
already present, a less external stimulus than usual would be able to 
excite the muscle: having less of the ultimate chemical stimulant to 
form. These are qualitative characters of any given muscle. 

On the other hand we have a quantitative relation to consider, the 
Contractility of the muscle, which is an expression for the amount 
of energy evolved in contraction. 

This depends upon the amount of chemical changes occurring in a 
given time: and probably on conditions of the muscle in which a 
smaller or larger proportion of the energy liberated tends to take the 
form of mechanical work. Thus, according to Ranke’, the presence of 
certain substances, as kreatin and lactic acid, in the muscle increase its 
excitability toward minimal stimuli. If these matters are present in 
small quantity the contractility or work-power of the muscle is also 
increased, but if they be present in excess the work-power of the 
muscle is diminished, while its excitability to minimal stimuli is still 
greater than that of the normal resting muscle. Thus, too, after the 
injection of dilute nitric acid’ the excitability of the muscle toward 
minimal stimuli is greatly heightened. 

We know little of the conditions determining variations of excita- 
bility of the muscle, nor of the limits to which it is subject. 

On the other hand it is pretty certain that the contractile power of 
the muscle depends upon the elastic tension existing between its 
molecules, and increases with it. Every series of contractions probably 
involves variations of both the factors of irritability. 

Ranke’s* view of the question is that during stimulation the natural 
decomposition processes of the muscle are hastened, and the kreatin 
and lactic acid appear in such quantities as not to be removed or neu- 
tralized by the blood, as in the resting state. 

These substances themselves are the stimuli which immediately 
excite the muscle; and as a slightly acid medium favors the fermenta- 
tion which produces lactic acid, this latter is formed at an increasing 
rate for a while ; this increase in the quantity of the stimulating matter 
is the cause of the increased contractions and work done by the muscle 
for a period early in its activity. The acid reaction of the muscle now 


1 Tetanus, p. 348. 2 Thid. p. 399. 3 Thid. p. 450. 
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becomes so strong that further development of lactic acid is hindered, a 
strong acid reaction retarding its production. - 

A new reaction manifests itself in the kreatin and lactic acid at this 
stage; these substances divert to themselves the oxidative processes 
from the muscle molecule, whose decomposition is the precursor of 
contraction ; this is the condition of fatigue. 

Aseonding to this view the excitability of the muscle to stimuli in- 
creases with the quantity of. lactic acid, and its contractility or work- 
power first increases and then decreases with it. 

All the functional phenomena of muscle must finally depend upon 
chemical changes; but it is not clear how, on Ranke’s theory, a fatigued 
muscle removed from the body recovers power during rest. Nor why, 
if contraction depends upon the preformation and is aroused by.the 
presence of lactic acid, the chemical transformations in the muscle and 
work done vary with the load upon it; for all that has been changed in 
this case is the resistance to that manifestation of kinetic energy which 
it is the final purpose of the muscle to develope; if this energy were 
partly used to produce new stimulating materials, we might expect 
every momentary stimulus either to cause the muscle to contract to 
exhaustion, or to persist with diminishing intensity for an infinite time. 

Under the definition of the terms employed here excitability has 
only to do with the variation in thé difficulty of setting off the chemical 
changes producing contraction, and contractility with the amount of 
these or the proportion of them which take the form of mechanical 
work. Apparently the former factor is only to be considered in the 
use of submaximal stimuli. With maximal stimuli and constant load 
the variations in the work-power of the muscle might be due to varia- 
tions in the strength of the impulse transmitted by the nerves, or to 
more or less capable conditions of the muscle itself. But, as to the 
| first case, according to Helmholtz’ and to Marey’s’ figures, decreasing 
i the conductivity of the nerve by cold does not alter the height of con- 
traction ; and with maximal stimuli excitement of all parts of the nerve 


| give the same amounts of contractions®*. Therefore it seems that with 
- |. maximal stimuli the strength of the impulse transmitted from the 
; nerve to the muscle may be considered a constant, and that the con- 
dition of the muscle itself determines the energy to be evolved in any 
| contraction. 


1 Miiller’s Archiv, 1850, p. 276. 
2 Mouvement dans les fonctions de la vie, p. 349. 
3 Helmholtz, loc. cit. 
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Aside from experimental evidence we should be led, on @ priort | 
- grounds, to suppose that: the marked physical characters of muscular 
tissue would have a very important economic relation to its functional 
activity. 

It seems probable that the phenomena known as the variation in 
the irritability of the muscle, which I have tried to differentiate as its 
contractility, its increase for a period during the stimulation of the 
fresh muscle, and the decrease during fatigue, is a quantity whose 
value is determined by the physical condition of the muscle at any 
moment. Different muscles and the same muscle at different times 
vary greatly in the relation of their elastic and extensible properties. 
According to Weber’ the work-power of a given weight of muscle with 
a given stimulus increases with the elasticity of the muscle, and de- 
creases with its extensibility. Continued work increases the exten- 
sibility’; that is, the effect of stimulation persists to some extent in the 
muscle after the cessation of functional excitement, modifying its re- 
action to succeeding stimuli, According to Heidenhain® the amount 
of kinetic energy developed in contraction, a direct function of the 
~ chemical changes occurring, increases with the tensions in the tissue up 
to certain limit and then decreases with their farther increase, Fick* 
found the work done to increase up to a certain load and then diminish 
as the load farther increased. This last agrees with the rest if we 
suppose the greater loads to stretch the muscle to such an extent as to 
diminish markedly its elastic properties, as was found probable above. 

In the experiment dealing with artificially shortened muscle, the 
second contraction was higher than the first; the first was due to the 
stimulation of a flaccid muscle, the second took place in the muscle in 
which it is fair to assume there was some increase of tension due to the 
previous contraction. 

If we suppose then that, for a time, stimulation of a muscle increases 

its elasticity, and finally progressively diminishes it, the subject of the 
change of contractility of the muscle due to stimulation becomes less 
. discouraging in its difficulty. 
It has been asserted in the early part of this paper that, at very 
small intervals of stimulation, there was an increase in the height of the 
tetanic curve of two contractions which failed in fatigue, reappearing 
after rest. 

We know that the elasticity of the muscle may vary greatly without 
change of form ; a fatigued muscle during rest acquires new power of work. 
1 Op. cit. 452. 

Mechanische Leistung, dc. p.93, 
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Now if the first stimulus had the heightening effect on the muscle 
tension which we have supposed, there meets the second stimulus at its — 
_ advent a sufficient new increase of elasticity to make its effect additive 
and distinct ; whereas, with diminishing elasticity due to previous work, 
one can imagine how a quickly succeeding stimulus at the same in- 
terval as before should exert no cumulative effect upon the first con- 
traction. The essential feature of the failure of a summation at a 
small interval of stimulation was that it occurred only after more or 
_less prolonged double stimulation at that interval, over which the 
damping influence of the first stimulus might continue to such an 
extent as to make ineffective the second. In the work of Kronecker 
and Stirling, however, cited above, succeeding stimuli entered the 


... muscle while it was undergoing continually changes in its physical 


properties due to the contraction from the first stimulus. No more 
satisfactory explanatory comparisons as to the rdle of elasticity in con- 
traction can be made than those used by Marey* in illustration of 
his most ingenious theory of muscular contraction. 

_ A tetanus differs functionally from a single contraction in the fact 
that in the secorid case the total shortening is aroused in a muscle 
excited in a single phase of elasticity, while in the first case the sum- 
mation is the result of stimuli acting on the muscle in very different 
elastic conditions, 

Now if it be true that stimulation itself excites changes in the 
muscle-substance during the latent period which shall alter the elastic 
properties of the tissue, there seems to be no reason why one cannot 
obtain a true tetanus from two stimuli succeeding each other at the 
smallest intervals; and theoretically the shortening from the first 
contraction would not necessarily precede that of the second, as 
Helmholtz found, According to Fick* the natural length of the 
muscle during contraction is a function of the time, regardless of ex- 
traneous conditions, and at any moment the tension is a definite 
function of the length at the instant. _ 

Again, as the amount of the chemical processes in a given time rises 
and falls with the tension, we have the equation J=f(t,l), J, the | 
intensity of the chemical processes, says Fick, for a given muscle, 
probably increases with /, and at first increases and then diminishes 
with ¢ This conclusion seems strengthened by consideration of the 
results from contraction of artificially shortened muscle and inspection of 
Fig. 5. The above formula, however, takes no account of the variation of 
the tension (which is determined by the elastic properties of the muscle) 


1 Mouvement dans les fonctions de la vie, p. 466. 2 Muskelarbeit, p. 67. 


A 
“ag 
4, 
A 
a 
| 


EFFECT OF TWO SUCCEEDING STIMULI. 189 


as due to its own alteration, which alone makes the equation of com- 
parative significance. This last is the function known as the change in 
the irritability of the muscle, which I have endeavoured to connect 
with the elastic property of the tissue. Representing this increase or 
decrease of evolution of energy by EZ, and the force set free in a unit of 
time or intensity of chemical changes as above by J, we may assume 
provisionally that the value of the quantity at any time depends 
upon the sum of the chemical transformations already undergone, and 
the interval 7, supposed to be uniform, between the stimulations; #4... 
E=f (2J,T). : E, then, represents the difference between the amounts 
of energy developed in the first and any other contraction of a series. 
In order to find out the amount of energy liberated in this last EZ 
should be added algebraically to the first J of a series with its proper 
sign. J probably increases with 2.J/ for a while with a plus sign, and 
then changes its sign with a further increase of &J; and the rate at 
which the changes in £ are brought about is | the more rapid the smaller 
the interval 7. 


The general results arrived at may be collected as follows: 


1. If a series of tetanic contraction curves, which arise from the 
succession of two simple contractions at various intervals, be laid off on 
the same base line, and the envelope of the tetanic curves be con- 
structed with abscissa units which mark the intervals at which the two 
single stimuli succeeded each other to give the tetanic contractions of 
the heights measured on the corresponding ordinates ; then the envelope 
curve will be irregular at the smallest intervals of stimulation, usually 
rising suddenly from zero. The curve then ascends gradually to a 
maximum, and afterwards falls somewhat more regularly and quickly, 
tending to become parallel to the base line at an interval between the 
single stimuli equal to the duration of a single contraction. The curves 
of two succeeding single contractions first fuse into a single unbroken 
curve when they follow each other at an interval of about ‘026 second, 
corresponding to 38°8 stimuli in one second. The maximum height of 
a tetanus from two contractions is obtained when these are added after 
an interval of about ‘048 second, corresponding to 20°8 stimuli in one 
second. 

2. Every stimulation puts the muscle into a condition modifying 
its reaction towards succeeding stimuli. These variations need not be 
accompanied by a change of form. (Previous observers.) 

_ §, Two succeeding maximal contractions may probably produce an 
increased tetanic contraction when following one another at an interval 
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less than 0°001 second. Continued work at the small interval causes 
the summation to fail, but this power may return again after rest. 

4. When a muscle excited by a single induction shock is restrained 
from contracting, its contractility is increased for a time for maximal 
stimuli, If the restrained contraction be due to two stimuli succeeding 
one another within the time limits at which summation occurs, the 
increased contractility is still greater and more continued than in the 
former case. On continued work the exalted contractility due to 
restrained contractions suffers a continuous diminution. 

5. When two contractions succeed each other at such a time 
interval as to give a summated contraction, the curve of the second does 
not under ordinary circumstances exhibit itself upon the first until the 
latent period of the second is past (Helmholtz); but when the first 
contraction is restrained until the entrance of the second stimulus, it 
seems that the summation occurs immediately; i.e. the latent peeena 4 of 
the second is annulled. 

6. The period of greatest liberation of contractile energy in a 
muscle stimulated by a single induction shock and kept from shortening 
occurs considerably before the period at which the normal contraction 


_ would have attained its maximum. The contractile power of a muscle 


so restrained fails at a variable time before the termination of the 
normal contraction, excited at the same instant, would have been 
reached. The contractile energy in the stimulated unshortening muscle 
seems to reach its maximum about 0°051 second after the entrance of 
the stimulus. 

7. It seems probable that variations of the contractility of a muscle 
as shown upon fatigue curves follow a definite course, and may be 
expressed in terms of known factors, 

In conclusion I have the pleasure of acknowledging my isdebbddions 
to the suggestions and criticism of Professor Martin bestowed through- 
out this work, 


DESCRIPTION OF FIGURES, Pl. VI. 


Figs. 1—3 are tracings from the same muscle at different intervals of 
stimulation. Fig. 1 shows the first sudden summation at.a small interval. 
Fig. 2 shows the relation of the single contractions at the period of highest 
summation, and the form of the tetanic curve. The plate slipped a little 
between the double and the first single contraction. Fig. 3 shows an increase 
in the double contraction whose single components do not overlap. This curve 
is marred by the bounding of the lever. Fig. 4 is the envelope of tetanic curves 
obtained at different intervals of stimulation. Fig. 5 shows the relation of the 
height of the normal contraction curve at different periods to that to which 
the lever was thrown when the shortening was restrained until these periods, 
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ON THE SO-CALLED HEAT-DYSPNOEA. By CHRIS- 
TIAN SIHLER, M.D., Fellow of the Johns — University, 
Baltimore, U. S. A. 


In the Arbeiten aus dem Physiologischen Laboratorium der Wiirz- 
burger Hochschule, 1872, is contained an article by L. Goldstein, 
entitled “Ueber Warmedyspnoe.” In it the writer, after discussing the 
various ways by which the changes in the respiration-rhythm may be 
brought about (he assumes that the resistance-theory of Rosenthal is 
correct) and pointing out the various causes, chemical, mechanical, and - 
thermal, which may act on the respiratory mechanism, takes up the 
thermal ; referring especially to a paper by Ackermann, published five 
years before in the Deutsche Archiv fiir Klinische Medicin. Acker- 
mann found, that if the temperature of an animal be increased by 
prohibiting the loss of heat from skin and lungs, the frequency of res- 
pirations increases, and came to the conclusion that the nervous centres 
were stimulated to increased action in order to ventilate and cool down 
the animal through the instrumentality of the lungs. 

Goldstein goes on to ask: Is the increased temperature of the 
blood a new cause adding itself on to the stimulus for the respiratory- 
centre normally present in the blood; or is it an influence diminishing 
the resistance? He points out that this question is not decided by the 
experiment of Ackermann, who showed that an animal which had its 
body-temperature raised could not be made apneeic; for the persistent 
activity of the respiratory-centre might be due either to an increased or 
a new stimulus, or to a diminution of the normal resistance. Goldstein 
does not enter into this question in his paper, and it must be left still 
undecided. There is another question which he undertakes to answer. 
He asks: Where are the points of attack (“Angriffspuncte”) for the. 
increased temperature? Does it act on the cerebral convolutions pri- 
marily and through these on the respiratory-centres; or does it act on 
the skin first or on the pulmonary endings of the vagus first; or finally, 
does it act directly on the nerve-centres which its the respiratory 
movements ? 
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To answer these questions Goldstein adduces five sets of experi- 
ments, which I will briefly recapitulate, since my work was undertaken 
in consequence of the fact that they seemed not to justify all the con- 
clusions he had drawn from them. | 


Experiment I. The animal (dog) is placed in a box and heated, its 
nose being exposed; the frequency of the respirations increases as the 
temperature goes up. The animal is taken out. when its temperature 
has reached 41'2°C. Affusions of cold water have no effect in reducing 
the rate of respirations, except momentarily. _ 

Goldstein thinks that this experiment proves that the increased 
temperature did not act by way of the skin, because cold affusions did not | 
at once destroy its effects. If, however, we look at the Table given by 
him’ we see that there is a fall from 110 to 92 respirations per minute, 
where we read in the notes: “From time to time cold affusions,” and 
I would further suggest that the heated blood bathing the cutaneous 
nerves directly is certainly as strong a factor as the cold water poured 
on the skin, covered as it is with hair. I think, therefore, that this 
experiment does prove satisfactorily what Goldstein claims for it, 
and still leaves it undecided whether the increase of the number of 
respirations is brought about by way of the nerves of the skin, or 
otherwise. 


_ Experiment II. A cat which had been made apneic when at the 
normal temperature is placed in the apparatus, and after the tempera- 
ture has risen from 37°4” to 39°5°, artificial respiration is again tried, 
but in vain, no apnea is produced; the respirations going on at 
the same frequency. This experiment agrees altogether with those of 
Ackermann, and, as I shall point out later on, with my own. 


Experiment III. A dog, into the veins of which 0:06 grm. mor- 
phine was injected, was placed in the apparatus, as in Experiment I. 
The temperature of the animal rises from 38° to 40°, while the respi- 
rations go up from 16 to 366 per minute. This experiment was made © 
to show that it is not the cerebrum, or any feeling of uneasiness, which 
produces the increase in the rate of respiration. There are, however, 
some figures in the Table’ belonging to this experiment which call for 
notice here. Goldstein, as we shall see further on, comes to the | 
conclusion that the stimulation of the nerves of the skin is not the 
first cause of the increased rate of respiration; but a closer examination 


1 Op. cit. p. 82. 2 Op. cit. p. 84. 
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of this Table would seem to contradict such a conclusion. We see 
there that the temperature of the animal is falling before and after 
being in the apparatus, At 10h. it is 39°6', at 10.30 when the animal 
was placed in the apparatus it had fallen to 38°8°. At 10.42 it has 
fallen to 38°6°. When the animal was placed in the apparatus the 
respirations were 16 per minute; 12 minutes afterwards, while the 
temperature of the animal has been falling 0°20 degrees, the respira- 
tions have gone up from 16 to 44 per minute. This seems to make it 
probable that the warm air acting on the skin causes the increase in 
the respiratory rhythm. 

Goldstein has indeed himself seen the difficulty ; but gives the 
‘following explanation: “That in this, case a distinct increase in the 
number of respirations can be observed with a bodily temperature of 
38°6° and 38'8° may be explained by the circumstance, that the tem- 
perature of the body has risen considerably, before the thermometer in 
the vagina has indicated this.” If Goldstein cannot trust the indica- 
tions of his thermometer here, why ‘should he trust the instrument on 
any other occasion ? : 


Experiment IV, The vagi are cut, the animal is heated up, as 
before, the respirations per minute rise from 5 to 310, while the tem- 
perature of the animal changes from 37°3° to 40°2°: an experiment 
performed to show, and as I think, showing, that it is not the terminal 
pulmonary expansion of the vagus upon which the increased tempera- 
ture acts primarily, 

To show that the heated blood would and could influence the 
medullary centre directly without action upon the peripheral nerves, 
Goldstein devised the following experiment. 


Experiment V. Two tubes 37 cm. long, 12 thick, provided with 
tubules at both ends, so that hot water could be passed through them, 
were employed. These tubes were provided with a groove running 
lengthwise deep enough to place the carotid of a dog into it comfortably. 
The artery could thus be exposed to an increased temperature by the 
heated water running through the tubes. Water of 54°, 59°, and 71° 
was employed with the object of heating up the blood as it passed 
through the artery resting on the heated tube. 

But can the blood really be heated by this method? Let us look 
at the figures. At 10.45 the animal respires 26 times per minute ; 
water at 54°C. is made to pass through the tubes; at 10.47 the respira- 
tions have risen to 50 per minuté, Again at 11.10 the respirations are . 
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16; water of 59° passes through the tubes; the respirations have 
increased to 62 per minute. Now have we any good reasons to think 
that in the short time of one or two minutes the blood running rapidly 
through the carotids and not directly over the heated brass at all, 
could be appreciably heated? Certainly Goldstein should have 
brought forward evidence on this point. 
_ [have repeated all the experiments of Goldstein, and have found 
with him and Ackermann, (1) thai by increasing the temperature of 
the surrounding’ air one can increase the réspirations and the tempera- 
ture of the animal; (2) that in such a condition the animal cannot be 
made apneic; (3) that cutting the pneumogastrics does not prevent 
the increase in the respiratory rhythm; (4) that opium does not prevent 
it either. I have also repeated Experiment V. and found, it is true, 
that passing hot water through the tubes carrying the carotids, as 
described above, would increase the number of respirations. But I 
found also that the same increase in the number of respirations 
took -place, when the arteries were clamped so that no blood 
could pass through them to the medulla. The increase is really, 
as one cannot fail to observe, brought about by pain; for it must be 
remembered that water at 54°, to say nothing of 71°, is decidedly 
painful to the hand. That it was pain that called forth these rapid 
respirations is shown by the fact that when I let water of the same 
(54°) temperature run into wounds made in the thighs, the 
same increase in the respiratory rate ocgurred. 

I give a few figures. The number of respirations without water 
running through the tubes was 17 per minute; water of 54° was 
allowed to run through, the respirations went up to 46 per minute. 
The flow of the water was stopped and the arteries clamped above, on 
the cranial side of the tubes. The respirations were then 17 per minute 
when no water was running through the tubes, and went up to 45 per 
minute when water of 54° was passed through the tubes. We see, 
therefore, the same increase, whether the blood in the heated arteries 
was allowed to run up into the cranium or not. Again in the same 
dog, after the pneumogastrics had been cut and some chloral given, 
the respirations went up from 5 to 16 only when the hot water was 
passed through the tubes around the carotids, and went up similarly 
from 6 to 12 per minute when water of the same temperature was 
allowed to flow into wounds made in the thighs of the animal. If 
further corroboration of the view that pain mainly caused the increased 
respirations be necessary, we might add, that in other animals when 
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well under the influence of opium the changes were less marked or 
altogether absent. 

Goldstein’s crucial experiment does not then prove, as lie main- 
tains, that the heated surrounding medium caused the increased - re- 
spiratory rhythm by causing a rise in the blood-temperature, which 
hotter blood acting directly on the respiratory centre was the im- 
- mediate cause of the increase ; and the question remains still undecided 
in what way the changes in the respiratory-centre, causing the increased 
rate of breathing, are brought about when the animal is heated, by 
exposure to air of a temperature higher than its own. _ 

I hope that by the following experiments, which are given in more 
detail, some light may be thrown upon this point. 

The first experiment, Table I, which coincides with No. I. of Gold- | 
stein, is inserted mainly to have something to compare the others with, 

and for the sake of clearness and completeness. 

As far as the method of observation and the apparatus i is nana’ 
both are very simple, The apparatus consists of a piece of sheet iron 
large enough to place the dog-board on it, and of a case or box of 
wood of corresponding size, open at both ends, with windows and 
other openings on the side. These and the ends are closed by cloths, 
which can be removed or lifted aside when necessary, A thermometer 
: reaching down into the apparatus, through a cork, gives the tempera- 
ture in the interior. The apparatus was readily heated by one or 
two gas flames, beneath the sheet-iron, The temperature of the animal 
was taken from a thermometer placed in anus or vagina and remaining 
there during the experiment. The respirations were counted with the 
eye, an assistant giving the time, generally for a whole minute, excepting — 
‘when the respirations became frequent, when fractions of a minute 
only were taken. The very high numbers cannot be eos! to Soe 
absolutely correct. (Table I.) 

In this experiment the dog was placed in the apparatus in such 
a way that its mouth was — so that it had to breathe a warmed 
atmosphere, 

To take a correct view of these experiments one must remember 
that under circumstances in which a man perspires a dog’s respirations 
increase in number, While we sweat to keep cool the dog pants to 
keep cool. 

Upon an inspection of this table one cannot fail to be struck by 
the rapid and great increase in the respirations, with but a trifling 
increase in the temperature of the blood ; e.g. increase in body-tempera- 
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Table I. 
April 23, 1879. Male dog. Small dose of morphia. 


Respira- | Temp. of 
temp tions. animal. 
108 53 Animal placed in appara 
‘0 i in a tus, 
7:14 48 66 39°7 
717 39°8 | Can be heard panting. 
7:22 43 180 39°8 
729 | ° 43 220 39°8 
7°40 51 280 
7-48 55 310 40°5 
7°59 55 40°83 | Respiration cannot be counted. 
8-00 12°5 Taken out of apparatus, on an ex- + 
| posed, cool place. 
8-05 12°5 180 
813 | 125 166 40 
8-21 12:5 120 39°3 
8-26 12°5 57 38°6 
8-30 12°5 38 38 
8-40 | Placed in warm tus. 
8-42 45 26 378 
8°46 48 27 37°8 
8°50 48 36 37°9 
8°54 50 60 38 
9-00 54 132 38°4 | Begins to pant. 
9°13 46 200 39°2 
en out on an coo 
9-29 125 180 39°4 
9-32 12°5 194 39 
9°39 12°5 112 38°5 
9°49 12°5 24 37°8 


ture 0°3°C.; increase in respirations from 53 to 180. This fact alone 
would make it very probable, that the nerves of the skin were the 
active agents in bringing about these changes. 

That however the increased frequency in the respirations can be 


_ brought about by the heated air surrounding the skin and stimulating 


the nerves there, without heating the blood at all, can be gathered from 
Table IL, and one can —— see it — by watching a dog on 


a warm summer-day. 
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‘Table II. 
April 25, 1879. Bitch. No opiate. 
Burr. Temp. of 
Fime, temp. Reap. 
7°30 19 39 22 
7°38 19 889 22 
7°39 imal placed in warm a tus. 
7°42 47 | 42 | 
7:45 48 66 
747 =| «49 38°9 214 
754 50 38:9 180 
8-09 51 38°9 
8°30 43 38°9 340 
8°45 49 38:9 300 | Animal taken out and placed on an 
8°50 19 38°9 268 exposed cool place. 
8-52 19 38:9 220 
8:59 19 38-9 140 
9-06 19 38°9 120 
9°11 19 389 50 
914 19 28 
9°18 19 38°9 24 


We see here that the animal being loosely tied and having its nose 
not far from a large opening in the apparatus so that it could inhale 
the cooler air of the room, by panting vigorously, or otherwise, managed 
to keep its blood cool, The body-temperature was not elevated at all, 
while the respirations were increased from 16 to over 300 per minute. 
The enormous frequency of respiration prevented its blood from becom- 
ing warmer, and clearly had some cause apart from heated blood as its 
stimulus. 

To investigate the ieee which the nerves of the skin have in 
this, the spinal cord was divided at the bottom of the neck in another 
dog, and the animal placed in the warm box with its head and neck 
protruding. By this means afferent nervous impulses from the heated 
skin were to a very large extent cut off, but the raising of the tempera- 
ture of the blood was not interfered with. 

This experiment, Table III. (since by section of the cord the nerves 
of the skin that were heated could not act on the medulla, and since 
those of the head and neck were not exposed to the heat excepting by 
way of the heated blood circulating in those parts), shows that the blood 
itself directly, without intervention of the skin-nerves (at least the 
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Table III. 


May 5th, 1879. Young dog. Cord cut about 4.30. Placed in apparatus 
in such a way, that the paralyzed and anaesthetized parts only were subject to 
heat directly. The head was free, so that the dog could inhale air at the 
temperature of the room. Post mortem examination showed the cord to be 
cut between the fifth and sixth cervical vertebre. 


Surr. Temp. of 
temp. ice. Resp. 
5:07 26 37°5 15 | 
Apparatus is heated up. 
42 37°4 15 
5:20 51 37°6 14 
5-29 56 37°8 15 
5-35 59 38°3 18 
5°40 60 38:8 20 
5°49 62 29 
5-54 58 40:0 31 
6-00 57 40°8 31 
6-07 56 41°5 79 
6-08 ' | Taken out of apparatus, 
6°11 23 416 64. | | 
6°17 23 41 41 | 
6:26 23 40°4 38 
6:30 23 39°9 28 
6:38 23 39°5 26 
6-46 23 39 24 
6°53 23 38°5 22 
6°58 23 38:1 
7-06 23 37°6 18 
714 23 37°1 18 


great bulk of them), can raise somewhat the number of respirations. 
But there is a difference between the two modes, as can be seen 
_ by comparing Tables I. and II. on the one hand with Table III. 
on the other, In IL. and IJ. where the skin is heated, either alone 
as in II, or together with the #lood, we see an increase of the respi- 
rations from 53 to 310 respirations with an elevation of tempera- 
ture from 39°5 to 40°8, and in No, II. from 22 to 340 respirations, 
where we have no increase in the temperature of the dog’s blood, 
while in No, III. the highest figure for the respirations is 79 (the 
animal beginning with 15), with a change in the temperature of the 
animal of 3 degrees. There was noticed also a difference in the 
character of the respirations in the two kinds of experiments. While 
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in I, and IL. the animal soon showed that complex of processes known 
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as panting, this did not occur in III. It is of course possible that this — 

might have set in if the temperature had been raised still higher. 
An interesting experiment is the following Table IV. which not only - 

supports No. III. but may help to solve another question. 


Table IV. 


May 20, 1879. Bitch, Tracheotomized and lower cervical cord cut. 
When in apparatus, neck and head free and exposed. 


Temp. of 
Time. temp. dog. Respir. 
7°30 Trachea and cord are cut, 
7°39 38°8 Artificial respiration for 2 minutes, 
roducing apnoea lasting 1 minute. 
‘53 Animal placed in tus. 
8:03. 49 37°8 27 
8:09 50 38-2 27 
8-12 51 38°4 32 
8°20 48 46 
8°23 50 39°5 48 
8-29 50 40:1 56 
8:33 50 40°6 130 
8°36 : While the animal is still in appara- 
tus, artificial respiration is kept up 
for 2 minutes, producing apnea of 
| about 1 minute. 
8-40 49 41 100 
8-41 Animal taken out on an exposed 
cool place. 
8°45 21 41:3 Artificial respiration for 2 minutes, 
producing apneea of about 2 min, 
8°48 21 41 84 
8°52 21 40°4 60 7 
8°55 21 40 Artificial respiration of 2 minutes, 
apnoea of 1 minute.. 
8:58 21 38°6 36 
9-04 21 38 40 
21 37°6 36 


9°10 


It will be remembered that eh teeties as well as Goldstein 
and myself did not succeed in producing apnoea in an uninjured heated 
animal. But when the cord is cut matters are different. Three times 
without failing in any trial did I succeed in the same animal in bring- 
ing about apnoea, once while the animal was yet in the apparatus 
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and while its temperature was on the increase, and twice after the 
animal had been taken out of the box. The figures show that this 
was not due to a diminution of the temperature of the dog itself, for 
this was even rising while the respirations were in abeyance after 
_ artificial respirations. The last two experiments then show that the 
respiratory centre can be influenced (in these cases stimulated) by 
changes in the blood brought about by heating the animal. 

There arises now however another question which we think is 
partly answered by these experiments; that is: How does the blood 
act when it increases the number of respirations, does it stimulate the 
centres by virtue of its increased temperature, or does it act by 
virtue of the increased venosity (to use a short phrase)? For we 
-Inay assume that an increase of the temperature of the tissues will 
increase also the chemical changes in them. 

The last experiment would seem to point in the direction of the 
chemical changes as the effective causes, and that the increased 
temperature—at least within certain limits—has none or only a slight 
direct effect on the respiratory centre. For although the temperature 
of the blood remained high (40° to 41°), artificial respiration, which 
charged the blood with oxygen but, as shown by the thermometer, did 
not reduce its temperature, produced apnea lasting three-quarters 
_ of a minute, while when the animal had been at the normal tempera- 
ture the same amount of artificial respiration produced apncea lasting 
a whole minute; this difference being probably due to the increasing 
changes proceeding; in the body using up the oxygen at a more rapid 
rate than under normal conditions. 

_ This leads us to consider some statements made oe Ackermann 
in the October number, 1866, of the Deutsche Archiv fiir Klinische — 
Medicin. Ackermann there publishes the results of investigations 
on animals which he had exposed to increased temperatures in various 
ways. 

‘Ses of the conclusions at which he arrives is that not only the 
skin but also the lungs are used as an apparatus to regulate the body- 
temperature ; the skin acting in a more gross manner, the respiratory 
mechanism being used in bringing about the minor changes and 
adaptations. 

This sentence my experiments fully confirm, especially that showing 
the increase of respirations due to exposing the skin of the animal to 
an elevated temperature, while that of its blood was not affected. 
Ackermann makes however another statement (p. 361). He says: 
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“This increase in the frequency of the respirations has its cause not, as 
might be expected, in a went of oxygen in the blood or in an excess of 
carbonic acid but alone in the increase of the temperature of the whole 
organism. We must recognize a heat-dyspneea......At high tempera- 
tures of the animal, artificial respirations have no influence on the 
frequency of its respirations, not even when in consequence of the 
inflations the blood shows a bright red colour in the veins, while by 
artificial respirations at a lower temperature the number can be greatly 
reduced, and at ordinary temperatures even brought to a standstill.” 

For temperatures not exceeding certain limits, the experiments 
communicated in this paper would seem to clear up this matter. The 
attempts to produce apnoea may prove unsuccessful because the respi- 
ratory centres, though not stimulated by the venous character of the 
blood, yet are constantly influenced by powerful peripheral stimulation 
of the heated final distributions of all the ordinary sensory nerves of 
the skin and other tissues. When the nerves, or more accurately a 
large portion of them, were excluded by section of the cord apnea 
could be produced, though it seemed not to last quite as long as at 
normal temperatures, : 


Conclusions : 
1. Goldstein’s experiment with the tubes is inconclusive. — 

2. The increased respiration following exposure of the animal is 
due to two causes, skin-stimulation and warmed blood. 

3. Of these, skin-stimulation is the more powerful. | 

4, Apnoea can be produced in heated animals if skin stimuli be cut 
5. The direct action on the respiratory centres of the hotter blood 
of the heated animal is probably not, or not only, due to its tém- 
perature but to its greater venosity. 


As regards the influence of the heat of the blood, per se, I add this 
restricting word “probably,” because though 40° or 41° may not have 
acted as direct stimuli in the cases given, higher temperatures in these 
animals, and these same in other animals, may act differently from lower 
temperatures. I hope that I may take up this work in the future and 
discuss the effects of higher temperatures. 

In concluding, I express my thanks to Prof. Martin, who not only 
suggested this interesting topic, but also directed the work and helped 
in various ways in its execution. 
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PHYSIOLOGICAL APPARATUS IN USE AT THE 
HARVARD MEDICAL SCHOOL. By H. P. BOWDITCH, 
M.D., Professor of Physiology at the Harvard Medical School, Boston. 


PIECES of apparatus constructed in a physiological laboratory to meet 
special wants are frequently found to possess a general usefulness 
sufficient to justify their description in a journal devoted to physio- 
logical science. For this reason the following brief account of a few 
forms of apparatus in use at the Harvard Medical School is presented 
to the readers of the Journal in the hope that the instruments de- 
scribed will be found as useful elsewhere as in the laboratory where 
they originated. 


Apparatus for artificial respiration. 

The most perfect method of keeping an animal alive by artificial 
respiration is doubtless by means of bellows driven by a steam, gas or 
water metor. Where power of this sort is not to be had the object can 
be accomplished by breaking up the steady stream of air supplied by a 
water-bellows, or tromp, into a succession of impulses following each 
other at a rate corresponding to the normal respiratory movements of 
the animal. This may be readily effected by means of a stopcock such 
as is shown in fig. 1, which is kept in revolution by the same clock- 


Fig. 1. 
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work which is used to drive a kymographion or other registering 
apparatus. The stream of air from the tromp enters through the tube 
A and passes out to the trachea of the animal through the tube B. The 
rate of the respiration is regulated by placing the driving band on 
different portions of the cone C, while the amount of air forced into 
the lungs at each revolution of the stopcock is determined by the 
adjustment of the screw clamp D which permits the escape of the air 
through a side opening. 


A simple form of dog-holder which has been found very convenient 
in actual use is represented in fig. 2. It consists of a cross-bar, and 


a fork-shaped portion B, which can be readily separated from and 
attached to each other as shown in the figure. The cross-bar is 
first placed in the mouth of the animal like a bit just behind the 
canine teeth and held in position by a cord tied round the jaws so as 
to prevent the mouth from being opened. It is then adjusted on the 
ends of the fork and secured there by sliding forward the ring C, which 
confines the spring-catch D. The shank of the fork slides in a socket 
provided with a binding screw, which is wayne at any height on a 
vertical rod, 
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Practical cannula for observations on the vocal cords. 


The cannula represented in fig. 3 is intended to permit observations 
on the vocal cords of animals without interfering with their natural 


Fig. 3, 


respiration. It is made of brass with an external diam. of 20 mm., and 
is intended for use on large dogs. To insert it the trachea is to be 
completely divided a short distance below the larynx. The upper end 
of the trachea is then attached to the cannula at .4, and the lower end 
at B. At C the cannula is fitted with a moveable brass cap which is 
closed by a glass plate cemented obliquely upon it. When the cap is in 
position respiration takes place in the natural way through the larynx 
and nasal passages. At the same time an observer with an ophthal- 
moscopic mirror, or with a piece of common looking-glass, can illumi- 
nate and examine the vocal cords through the glass cover at C. The 
obliquity of the cover prevents the light from being reflected back into 
the eye of the observer, and a drop of glycerine placed upon its under 
surface prevents the glass from becoming opaque in consequence of the 
condensation of the moisture of the breath. The inspiratory widening 
of the glottis, when studied in this way, is seen to occur a little earlier 
than the thoracic inspiratory movements. . 


Unpolarizable electrodes. 


In studying certain problems in the physiology of the nervous 
system it is often necessary to stimulate an excised nerve with electrical 
currents of known intensity, applied successively at various points along 
its course. This is usually effected by moving unpolarizable electrodes 
along the nerve to the points to be stimulated. In doing this there 
is always danger that the manipulation of the nerve may lessen its 


Ted 
Max 
“ag 
4 
ty 
t 
on 
rd 
on > « 


PHYSIOLOGICAL APPARATUS. 205 


irritability, and that in the successive applications the contact between. 
the nerve and the electrodes may not be always equally perfect. To 
avoid these difficulties the apparatus represented in fig. 4 has been 


Fig. 4. 


doe 


constructed. It consists of a plate of ebonite about 65 mm. long, 
27 mm. wide, and 6 mm, thick. Along the upper surface of this plate, 
near the medium line, a number of small holes or pits, A, are bored, 
about 5mm. apart, from one end of the plate to the other. Each 
one of these pits communicates by a little tunnel, 1 mm. in length, with 
a narrow trough, B, which*occupies the rest of the width of the plate 
from the pit outward, separated however from the pit itself on the 
surface by the narrow bridge of ebonite which forms the roof of the 
tunnel, The pits are intended to hold the solution of zinc-sulphate, 
and the troughs to be filled with moistened clay. Across these troughs 
a frog’s nerve can be laid and stimulated at any desired point by 
means of lead-wire electrodes having amalgamated zinc terminations, _ 
which can be dipped at will into any of the little pits containing the 
zinc solution. In order to localize the electrical stimulus as far as 
possible slits are made in the plate between the troughs, and the 
edges of the slits bevelled off, so that the nerve lying across the troughs 
_is completely insulated, except where it comes in contact with the clay 

with which the troughs are filled. The edge of the plate opposite to 
that occupied by the troughs is prolonged and thickened, as shewn in 
the figure. This thickened corner is pierced by a hole which gives 
passage to a brass rod, on which the whole apparatus is adjustable at 
any height by means of a thumb-screw. In this corner is also a second 
hole, C, which is so placed that it will receive and support the femur of 
a nerve-muscle preparation while the nerve is extended over the line 
of troughs. The whole apparatus may be enclosed in a moist chamber, 
and by using a number of zinc-tipped lead wires suitably connected 
outside the nerve may be irritated at any desired point without even 
opening the moist chamber. 


Fs 
4 
¥ 
ag 
q 
a 
we 


DESCRIPTION OF A MODIFIED PENDULUM-MYO- 
GRAPH. By JAMES J. PUTNAM, MD., Boston, U.S.A. 


SomE months ago I undertook to make in the Physiological Labora- 
tory of Harvard Medical College, certhin investigations which involved 
- the accurate notation of the time of muscular movements, for which 
purpose 4 pendulum-myograph such as is described and figured by 
Wundt in his Mechanik der Nerven seemed best adapted.. 

Our apparatus would, therefore, have been modelled from the account 
there given, but for the fact that its cost would have been too great. _ 

This compelled certain modifications, the adoption of which we have 
had but little if any cause to regret. 

Wundt’s pendulum was made mainly of iron, bearing at the lower 
part two glass plates which exactly balanced each other, and were so 
arranged that by the motion of a single screw, one plate was raised and 
the other lowered, so that their motion did not change the centre of 
gravity of the pendulum as a whole, while it brought the writing pens 

in contact with new surfaces of the smoked glass or paper attached to 

its face. 
Our pendulum is made entirely of heavy plate-glass, in one sheet. 
The bearings are of hard steel, imbedded in brass, which in its turn is 
firmly fastened to an upright strip of well-seasoned wood about 3 c.m. 
thick, and 30 c.m. wide. Attached to this strip, just below the pendu- 
lum, is a wooden stage bearing the moveable connections described by 
~Wundt*. This strip of wood, with the pendulum and stage, is counter- 
poised by an iron weight, and can be moved up and down by a rack 
and pinion, in a wooden bed, to which it is accurately fitted. 

To confine the pendulum at either end of its swing, pieces of brass 
are strongly screwed to the edges of the glass plate in such a manner 
that they are engaged by spring-catches fastened to the apparatus 
behind. These catches are adjustable on a heavy brass rod, flattened 
on one side, to which is given the same curve with that described by 
the pendulum in its swing. In this way the utmost delicacy and free- 
dom of adjustment are secured. 


1 Op: cit. 
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A PENDULUM-MYOGRAPH. 


The only serious disadvantages of this apparatus as compared with 
that of Wundt would appear to be the following two: first, that for 
each new position of the pendulum the value of a tracing of given 
length—say 1 c.m.—made by the pens (which of course remain station- 

ary, being entirely separate from the rest of the apparatus) has a differ- 


DESCRIPTION OF FIGURE. 


A, Pendulum—B, Brass rod bearing C, the adjustable catches—D, D, Wooden 
bed, in which moves the strip of wood E, supporting the pendulum—F, Moveable 
electrical connections (v. Wundt, J. c.)\—G, Handle for working EZ up and down on 
D, by means of a rack and pinion concealed behind E. | 

At the top of the drawing is seen the rope and ee ee by 
which E is counterpoised. 


ent significance, as an index of time, from that which it had in the last 
position ; second, that, being’ less heavy, the retardation of the pendulum 
from overcoming the various obstacles opposed to it would, we ‘Supposed, 
be greater than in Wundt’s apparatus, 
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Both these drawbacks we sought to overcome by using, to receive © 
the tracing, enamelled cards lithographed with lines diverging from the 
centre of motion of the pendulum. Each of these lines passed through 
a definite point in a series of curves drawn by the.delicate writing- 
magnet of Depréz’, vibrating in unison with a tuning-fork one hun- 
dred times per second, and as the pendulum could be made to overcome 
the above-mentioned obstacles while the tracing was being made, the 
position of the lines of course directly indicated the amount of retarda- 
tion, and rendered it harmless as a source of error. As a matter of fact 
this retardation was found to be absolutely inconsiderable. 

Finally, the slight error incidental upon drawing and lithographing 
the lines upon the cards, was investigated later, and carefully indicated 
on a standard copy. It still remained in our power to use the smoked 
surface of the glass itself for experiments requiring special delicacy. 
The tracings obtained in this way are read by placing one of the 
smoked and varnished papers, bearing the lithographed lines, behind 
the glass. The danger of errors from parallax can be avoided by 
inspecting the tracings and lines through a magnifying-glass carrying a 
diaphragm of small aperture. In reality we could not see, however, 
that the tracings on the glass were more delicate than those on the 
cards. The friction of the pens is, however, greater when the cards are 
used, and care must be taken that the cards are not used while still 
warped from the heat during smoking. To avoid this it is often neces- 
sary to use cards which were smoked the previous day and have lain 
meantime on a flat surface, best in a damp or cool place. With a mag- 
nifying glass, good tracings can be read with accuracy to ‘001” or even 
0005” *. 

In conclusion, I would express warm thanks to Dr Bowditch for 
his friendly assistance in constructing this instrument, as well as in the 
investigation next to be described. 


- 1 J¢ was found to be better to use the magnet than to record dirgctly with the fork, 
because the outlines of the tracing in the former case are much more abrupt than in the 
latter and it is therefore comparatively easy to draw the lines ‘so that they will always 
strike similar points in the curves, The results require, however, to be controlled by 
comparison with tracings drawn by the fork directly. 

* Of course whenever these cards were used, the amplitude of swing of the pendubam 
had to be always the same. Following Wundt, we fixed this amplitude at 20°. 
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ON THE RELIABILITY OF MAREY’S TAMBOUR IN 
EXPERIMENTS REQUIRING ACCURATE NOTA- 
TIONS OF TIME. By JAMES J. PUTNAM, M_D., Boston, 
U.S.A. 


THE great convenience of using this apparatus to record the time 
of contraction of human muscles is evident, and it has often been so 
employed, especially perhaps, by Burckhardt. Its reliability for this 
_ purpose has, however, been called in question’, and certainly could not 
be taken for granted without investigation into the nature and import- — 
ance of the sources of error in its use. Such an investigation has never, 
to my knowledge, been thoroughly made, though Donders has studied 
the degree of accuracy with which it reproduces the form of impressions 
made upon it, and Marey has himself determined the rate of trans- 
mission of air through rubber tubing, by its means”. 

_ After many preliminary experiments we settled on the following as 
the sources of error deserving special study’ : 


1. Errors in reading. 

2. Variations in the time of transmission according to whether the 
impulse upon the “ transmitting-tambour ° of the air-circuit was feeble, 
or strong. 

3. Variations in the time of transmission according to whether the 
body giving the impulse rested directly upon the membrane of the “trans- 
mitting-tambour,” or only struck it after acquiring a certain velocity. 

4. Variations depending on the shape of the “ transmitting-tam- 

bour,” ¢.¢., whether it contained a small or a large body of air. 
mi Cocapatietn of recoil of tambours, after sudden removal of pres- 
sure, with results previously obtained. 

6. . Errors incidental to varying friction of the pens upon the paper, 
or to unclassified causes. 


1 Arch. f. Psychiatrie, ete., Vol. vit., p. 695. 

2 280 m. per sec. ton hanes dedi or more in calibre. 

3 Our apparatus consisted simply of a rubber tube, 180¢.m. in length, attached at one 
end to one of the common forms of Marey’s tambour, with writing. lever, at the other to an 
exactly similar tambour but without lever. The latter we call the ‘ itting-tambour,”’ 
and on it was made the impressure, the time of transmission of which was to be 3 
measured. The other we call the “‘ recording-tambour, ” 
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The method which, out of a number that w were tried, gave the most 
satisfactory results, was as follows: 


The impulse on the transmitting-tambour was made by a blow from 
the armature of an electro-magnet, recoiling from contact with the core, 
now under a light, now under a strong spring, the lifting power of the 
latter being more than five times as great as that of the former. This 
method seemed to reproduce very fairly the varying conditions met 
with in the case of strong and weak muscular contractions, and it was 
these that we wished -pre-emiuently to study. To investigate the 
second half of question (3) the magnet used to give the blow to the 
“transmitting-tambour” was so placed that the armature did not 
rest directly on the surface of the tambour before the breaking of the 
circuit allowed the spring to act, but at first stood away from it, strik- 
ing it, finally, only after acquiring a certain velocity. 

The armature was, furthermore, provided for this experiment with 
a metallic beak, which, when it came in contact with the aluminium 
plate of the transmitting-tambour, established with it an electrical 
contact. The time.of this contact was recorded by means of the 
delicate recording magnet of Depréz, which moves so quickly that it 
can easily be made to vibrate 400—500 times in a second, making its 
stroke at the closing of the circuit with a delay of about 0005”. _ 

The rupture of the circuit, setting free the armature of the magnet 
which was to give the impulse, was accomplished by the pendulum 
itself at a known point in its swing. 

The recording-tambour, whose movements were thus to be studied, 
was always the same, and the same length of tubing was always 
employed. | 

It appeared not improbable that the occasional retesting of any 
given apparatus would be necessary, on account of the stiffening of the 
rubber membrane of the tambour. Our experiments, however, show 
that. such changes do not take place within four or five months time, to 
any appreciable extent. Neither does there appear to be material 
difference between different tambours of the same make, nor is the 
time of response affected by moderate changes i in the adjustment of 
the lever. 


The results of the enquiry, so conducted, were as follows : 


(1) The error in reading is, with a good magnifying glass, 
very trifling, except in the case of curves which depart very slowly 
from the normal line. Here it may amount to °002”, or exceptionally 
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even somewhat more (vide sub 6), but practice makes it, to say the 
least, quite constant. Anyone can judge for himself what it amounts 
to if he reflects that the spaces between the lines of our cards, which 
represent ‘01 second of time, measure 3 to 4 mm. 


(2) and (3) : 
A. Cases in which the armature of the magnet used to 


give the impulse rests, throughout the experiment, directly 
on the surface of the transmitting-tambour. 


1... The following series of sixty-four single observations, made at 
one time, is given to show the range of error, where the armature is 
moved by a feeble! spring. 


The figures in the upper line indicate in seconds the absolute times 
lost in transmission of the impulse; those in the lower line the absolute 
number of cases corresponding to each time: 


Times: 0095” -010” -0105” -O11” -0115” -014” -015” -016” 
4° 8 9 2 


To obtain the figures in the upper line 001” was subtracted from | 
the actual readings, for the delay peculiar to the magnet giving the 
impulse, when this feeble spring was used: under the strong spring the 
recoil of the armature begins without any appreciable delay. — 


It will be seen that nearly ‘90 per cent. of these results differ from 
‘01” by an error of not more than °001”. 


2. Same conditions, except that the strong was substituted for 
the weak spring: 


{Times : 0095” 0105” 
(No.of Obs: 5 15 3=50, 


B. Cases in which the armature did not rest on the surface 
of the transmitting-tambour but stood off from it, before the 
opening of the circuit, as described above. No extended series of 
observations is given with regard to this point as it was considered to 
be of but secondary importance, the case not being expected to occur 
in physiological experiments. It is enough to say that the transmis- 
sion-times were both shorter and more constant than in the experi- 


1 Scarcely more than strong enough to move the lever distinctly. 
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ments above described, and that there was no difference between strong 
and weak 


Strong : 
Wek: 008 009° 


: (4) When for the shallow transmitting-tambour used in 

the previous experiments a glass funnel with an opening of 7 
cm., covered with rubber, was substituted, the results for the strong 
impulses did not differ from those recorded, but the delay of the feeble 
impulses was somewhat (nearly ‘001”) greater, and this difference was 
still more marked (-0015") when the impulses were of the nature of a 
blow (as in 3 B). 

When for the usual form of sapeesistinaclerabant which we em- 
ployed, bearing on its surface an aluminium plate having a diameter 
equal to more than half its own, another was substituted, bearing a 
very much smaller plate, the results became less constant, and the 
relative delay in the’ case of the feeble impulses much greater. This 
form was therefore discarded. a 


(5) When the armature of the magnet giving the impulse, 
instead of being made to compress the rubber-diaphragm of 
the transmitting-tambour, was withdrawn from it, through a 
similar mechanism, and the tension of the air in the tambour thus 
suddenly diminished, the results were as follows: 


imes : 0005". 011” 
No. of Obs. : _ ae 30 12 3= 50, 


(6) It will have been noticed that the error in a few of the results 
of feeble impulses considerably exceeds’ ‘002”. These occasional delays 
we were unable entirely to account for. <A certain part of them were 
evidently due to a slight catching of the pen on the paper, which held it 
back for an instant: this was clearly betrayed by the greater sudden- 
ness of ascent of the tracing in these cases, indicating an unusual 
accumulation of tension in the air circuit, When no such change in 
the form of the curve was present, the delay must have been either 
apparent, t.e. due to exceptional causes of deception in reading, or - 
have arisen from imperfect working of other parts of the ap- 
paratus. These exceptional results only occurred in the case of weak 
impulses, and then at most once in ten times. 


1 Amounting to from °003” to 006”. 
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The last of these causes would not be present to the same degree 
in most physiological experiments, especially as muscular contractions 
are rarely so feeble, as was the action of our weaker spring; but the 
fact remains, that it is in the liability to this error that the apparatus 
is subject as an accurate recorder of time. The only proper correction, 


where great accuracy ‘is necessary, would be to multiply the — 
ments and take averages, — 


Conclusions. From these experiments we conclude that, under 
the use of proper precautions, Marey’s tambour is reliable in time 
experiments, within ‘001”—-002”, with the exception just alluded té in 
the case of very feeble impulses. | 

Care should be taken that the metallic plate on the surface of the 
tambour is as large as is compatible with ease of movement; and the 
pressure of the body giving the impulse should . be adjusted with a view 
to the same. 

Also, shallow transmitting -tambours are to be preferred to 
containing a large body of air, and no apparatus should be used in which 
the resistance of the diaphragm is increased by variable springs, etc. 

In reading the tracings, the same magnifying glass’should be used 
for all cases, and the point of divergence of curves which rise 
very slowly from the normal line should be read a little 
liberally. 

The “constant” delay for each apparatus ini of course be de- 
termined for itself, but the absolute delay in the motion of the lever 
of an average tambour will not differ much from ‘004”—-005”, while, 
according to Marey, the delay of transmission through tubing 4mm. 
in diameter is at the rate of 280m. — sec. For our ee the 
average was 
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SOME NOTES ON THE PHYSIOLOGY OF THE NER- 
VOUS SYSTEM OF THE FRESHWATER CRAYFISH 
(Astacus fluviatilis)’. By JAMES WARD, M.A., Trinity Col- 
lege, Cambridge. | 


(From the Physiological Laboratory, eietien) | 
THE experiments in the course of which the following oe were 
made, consisted mainly in severing by means of a fine sharp hook 
(1) one, or (2) both of the supra-cesophageal commissures, or (3) the 
sub-cesophageal commissures, or (4) in dividing the supra-cesophageal 
ganglion longitudinally. The chief difficulty to overcome was the 
excessive bleeding sure to ensue if the circulatory apparatus was at all 
seriously injured, It was found best to scrape away the surface of the 
carapace with a graver’s tool so that the hook could be inserted gently 
and guided in the direction required. In several experiments the 
hook, before inserting it, was first dipped in a strong solution of ferric 
perchloride, and with good results so far as the bleeding was concerned ; 
but the salt sometimes found its way into the tissues and its use was 
therefore abandoned. The great point was to know accurately where 
the parts to be severed lay, and this knowledge a little practice ensufed. 
It seems needless therefore to describe in detail the mode of operation: — 
it may suffice to mention that it was found convenient to extemporize 
a crayfish-holder, which afforded amongst others this advantage, that 
one could find one’s bearings in operating with the needle much better 
than when holding the crayfish in the hand. ae 

The plan pursued was to perform the same operation on several 
crayfish in succession, each being marked with a separate number and 
all kept in running water till the shock was over, when they were 
taken out one by one and placed in an observing tray and their 
behaviour noted, Some died the same day, and of these no notes were 


1 A short account of these has already appeared in the Proceedings of the Royal 
Society, No. 194, 1879. The only earlier observations on the subject known to the 
writer are:—Vulpian, Physiologie du Syst?me Nerveuz, pp. 780 ff.; Lemoine, Annales 


des Sciences Naturelles, 1868, T. ix., pp. 100 ff.; and Yung, Comptes Rendus for Feb, 17th, 
1879, pp. 347 ff. 
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taken: the greater number lived for weeks and many for months, some 
even casting their shells successfully. The good ones among the dead 
were placed in spirits and carefully examined to see if they had really 
suffered all that had been proposed for them; and when it turned out 
that the operation on a particular individual had been a failure or im-— 
perfect, his protocols were of course ignored. It was thought better to 
run some risk of not really effecting the operation intended than to 
injure the animdl past recovery by laying the commissures bare so as 
to make certain of their severance; for on the former plan the worst 
evil was that trouble might occasionally be taken for nothing, while in 
the latter there was every danger of getting no reliable fact at all, 
certainly the most interesting would have been lost altogether. 


I. Division of one supra-esophageal commissure destroyed 
in many ways the symmetry of the animal’s form and movements. 
The abdominal rings appeared to be more loosely articulated on the 
injured, and drawn more closely together on the sound side of the 
body; the effect being to make the longer axis convex from the 
former and concave from the latter aspect. This difference was very 
marked in the tail-fin; for while the two appendages on the uninjured 
side continued spread out in the normal manner, like a fan, in the 
- plane of the telson, those on the side of the injury more or less over- 
lapped and drooped from their place of insertion like. broken limbs. 

The want of symmetry just described was most conspicuous when the 
- animal was in motion, and especially when flapping the abdomen: 
it sometimes disappeared during perfect rest; and disappeared in two 
cases all but entirely when the nervous connexion between the first 
and second abdominal segments was completely severed. 

In walking the unmutilated crayfish sometimes goes forward, keep- 
ing its abdomen extended, sometimes backwards, with the abdomen 
flexed ; it prefers the latter mode when alarmed, and can change it 
instantly into a swimming movement, in which it shoots rapidly back- 
wards by alternately half extending and then sharply flexing its abdo- 
men with the tail-fin expanded. This last form of progression was 
altogether absent in most cases under the present. rubric: indeed, as 
a rule, the power over the abdomen was so far lost that the animal 
when placed on its back had much difficulty in turning: a = the 
sound crayfish can do with a single stroke of its tail fin. 

Very few of these crayfishes ever went straight; their course for- 
wards, the abdomen being extended, was a curve bending away from 
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the injured side, and when backing, the abdomen being then usually 
flexed, they worked round the side of the lesion. But there was a 
still further want of symmetry, which may help in part to explain this 
bias. In walking forwards these animals made much more use of the 
chele than they would naturally have done; but instead of planting 
them both at an equal distance from the median line, the chela of the 
injured side was bent in till it touched this line, while the other chela 
diverged at an appreciable angle from it, that is to say when the right 
‘commissure was cut the chelz, which should both have pointed for- 
wards, were each of them directed towards some position on the 
animals’ left ; and vice versa, the left commissure being cut. Their gait 
was also. abnormal; generally they flopped forwards bringing their 
chelz down upon the table with a sharp rap as if they were top-heavy, 
and sometimes they “ wabbled ” from side to side. : 

When turned over on their backs they invariably began to struggle 
violently with their legs and chelz to right themselves. At such times 
a small piece of food placed within the grasp of any of the chelate 
limbs was usually seized and produced a singular but momentary con- 
fusion in the conduct (if the term may be allowed) of the member 
holding it. Its first impulse seemed to be to thrust the morsel into 
the mouth, and this was actually done in a few cases—being, as will 
presently appear, a pretty sure sign that the animal was no longer 
-compos mentis. The usual upshot was either that the food was dropped 
again or that the limb, still holding the morsel, went on swinging like - 
the other limbs, the claws of which were empty. In one case the 
attempt was made to recover with a pair of forceps a piece which was 
being swung about in this fashion; whereupon it was promptly stuffed 
into the mouth and swallowed. No clear difference in the pinch of 
the two chelz was perceptible, though the movements of that on the 
injured side were sometimes feebler, as indeed were the movements of 
the legs on that side too. But the antenna and eyestalk of this side 
were always much enfeebled : it was sometimes impossible to get any 
indication that they were sensitive. The disabled antenna was laid 
back along the body: the uninjured one alone being waved about as 
the animal walked. The eye-stalk on the injured side was more pro- 
truded and directed less to the front than its fellow. 


II. Division of both supra-wsophageal So 
long as the highest ganglia are connected with the rest of the (gan- 
glionic) chain by a single commissure, there is no lack of spontaneity and - 
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purpose in the mr of the crayfish: he seeks out food for himself, 
persists in his efforts to recover from an uncomfortable position, and 
unless forcibly confined will make his escape from too narrow quarters. 
But with the section of the second commissure everything of this kind 
disappears, save that occasionally the antenne are waved about in the 
normal fashion though much more feebly. The crayfish so treated were 
often found next day on their backs and perfectly still, or with only 
their swimmerets in motion, but still oftener with most of their limbs 
engaged in a peculiar and monotonous rhythmic swing, to be more fully 
described presently. A slight disturbance however, such as stirring the 
water, at once changed all this and brought on two different kinds of 
movements which might be called “feeding” and “preening ” movements 
respectively. In the feeding movements the two pairs of chelate legs 
took the chief part: the outstretched limbs being wildly waved about, 
the pincers grasping eagerly at everything or nothing, sometimes seizing 
one of the hinder limbs and dragging it towards the mouth ; often being 
snapped together without any apparent reason and inserted empty 
within the gape of the maxillipedes. The preening movements were the 
especial function of the last pair of legs, and consisted in an incessant 
scratching with the terminal hook or dactylopodite of various regions 
_ of the sterna, the swimmerets and the tail-fin—the last being the part 
most. constantly attended to. The chelate legs did not occupy them- 
selves with this work except when the parts were specially irritated, 
- and then all four pairs would begin to preen and search about the place 

affected. | 

_ After a time, if there was no fresh disturbance, all these purposeful 
movements were replaced by the “rhythmic swing,” though they would 
sometimes break out again in the middle of it without apparent cause. 
The full rhythmic swing was performed by the posterior and second pair 
of maxillipedes—and possibly other masticatory organs, but not by the 
mandibles—by the chele and the first three pairs of legs, very seldom 
by the fourth pair. The chele however sometimes remained still, and 
occasionally also the maxillipedes, But whatever were the limbs in 
motion they all swung together, each moving as a whole and in perfect 
tempo, those of one side swinging forwards while those opposite swung 
backwards, the limbs coming gradually to rest and a momentary pause 
intervening between each swing. If the animal were made to lie over 
towards one side so that the limbs on that side were confined the swing 
still continued on the other side where the limbs remained free: in a 
single case a unilateral swing was frequent though both sides were free, 
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This rhythmic swing often lasted for hours without intermission, but 
usually subsided at length till a new disturbance brought the animal — 
_ into action, or the rhythmic motions a break out again to all 
appearance spontaneously. 

Whether at rest, or however occupied, the chelate legs, the chelz 
and the posterior maxillipedes were at once excited to more or less 
concerted action the moment any one of them was touched with a 
morsel of food, a paper pill, a chip of wood, a tiny stone, or the like. 
If this were gently rubbed against the dactylopodite of either chela it 
was seized, usually pretty promptly, and the chela began somewhat 
slowly to bend towards the maxillipedes: the other chela executing 
perceptibly later the same movement. The posterior maxillipedes were 
stretched forwards to the utmost so as to meet the approaching chela ; 
but in this the chelate legs usually outstripped them, secured the mor- 
_ sel, and pushed it into the mouth or, more accurately, within the gape 
of the maxillipedes. The chelew, however, often loosed the food too 
soon, but sometimes, on the other hand, did not slacken their hold at 
all, the chelate legs trying in vain to wrest the prize from them. If 
the posterior maxillipedes were touched by the piece first, the terminal 
joints were at once folded down on the rest like the fingers upon the 
palm, the action being repeated many times while the maxillipedes 
‘themselves were waving about in quest of the exciting fragment. At 
the same time the chelz moved towards the spot, and: the chelate legs. 
came to their assistance as before. Any small object once within the 


a grasp of these last was placed with surprising promptness and certainty 


in the mouth (¢.e. well within the gape of the maxillipedes and se ied 
over the mandibles) and there left. 

During actual or attempted mastication the feeding movements were 
suspended ; in at least one case the rhythmic swing used to take their 
place till they set in wilder than ever when the food was swallowed. 
But as a rule so long as there was food in the mouth the first pair of 
chelate legs: kept guard with open pincers just over it as if ready to 
seize any falling crumbs or to still the efforts of struggling prey. Imme- 
diately any particular act of mastication was over, as the morsel was on 
the point of being swallowed, there regularly ensued a peculiar wiping 
motion of the second pair of maxillipedes, the effect of which was mani- 
festly to cleanse the surface of the mandibles after contact with food. 
And it was singular to observe how, simultaneously with this movement, 
as if it were the recognised signal for a renewed forage, the chelate legs 
ceased their waiting and set up at once a vigorous search for fresh 
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booty. When a piece of food was placed in the mouth large enough to 

occupy the masticatory apparatus for a minute or so it was possible by 

touching the small chelz with fragments loosely held between a pair of 

forceps to charge all four chelate legs with a new supply some time 

before the mouth was empty. But till it was empty, though the frag- 

ments were instantly grasped, not a limb would move towards it. Still 
they did not wait with that composure which was usual when they 

waited empty-handed : in two cases in which the experiment was tried 

the legs holding food while the mouth was full appeared as if seized by 

a sort of palsy or possessed by a spirit of fussiness. A similar agitation 

of the limbs was also noted in crayfish that were near dying when food 

was placed in the small chele. If it was too long before the mouth 

was empty the piece instead of being held till then was simply dropped : 
but more than once it was noticed that a chelate leg which had lost an 

earlier chance of delivering up its morsel held it till the pieces put 
into the mouth by the others were eaten and then at last came forward 

with its own at the end of all. 

As soon as what was seized as food got within the gape of the 
mandibles, if not before, there was usually ample evidence of taste 
or discrimination, and what was then ejected was instantly brushed 
away by the second pair of maxillipedes in the way already described. 
But neither the chelate limbs nor the posterior maxillipedes manifested 
any selective power at all: putrid flesh, pieces of blotting-paper soaked 
in acid, tannin, or oil of cloves were crowded on to the mouth, and, 
however often rejected, pushed back again with a most hearty zeal. A 
favourite subject for this treatment was the animal’s own antennae, 
and it was droll to observe the persistence with which these were tucked 
into the mouth despite their continuous writhing. 

Placed upon their feet on the table these crayfish assumed an 
attitude and behaviour very different from those of a sound animal. 
The latter stands with its abdomen either extended or closely flexed, 
and only raises its body sufficiently to clear the ground: its ambulatory 
legs bend upwards to the carpopodite, and then turn sharply downwards, 
looking something like the legs of a cricket, and insuring that its : 
centre of gravity shall be as low as possible. But after the supra-ceso- 
phageal ganglion is isolated, the animal seems intent on getting its centre 
of gravity as high as it can: its ambulatory legs are straightened out, and 
the body lifted up as if upon stilts, so that the abdomen, which is half 
flexed, .e. turned down at right angles to the line of the cephalo-thorax, 
barely touches the ground with the tail-fin. The chele were in some 
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cases confined rigidly to the vertical plane, and bent- inwards so as 
to touch the ground about the median line, and just under the animal’s 
rostrum, causing the body to topple over the moment the ambulatory 
legs attempted to move forwards: more frequently they were not folded 
across at all, but each was extended forwards and allowed to rest on the 
ground on its own side; and whenever the chelw could take this less 
constrained position, they could also be used for locomotion. But 
always, whether locomotion was possible or not, the animal remained a 
good half-minute at rest in this stilted attitude without venturing a 
step. Not that its legs were motionless however: far from it. The two 
fore-pairs betook themselves at once to feeding movements, grasping 
about the table as far as they could reach, and lifting to the mouth 
whatever small object they chanced to find; whilst the last pair would 
busy themselves either preening the abdomen, or rubbing against the 
third pair as the legs of flies are rubbed together. During all this the 
antenne were waved feebly to and fro. At length when the animal 
might be supposed to have collected itself, there was an attempt at 
locomotion. The success of this attempt depended chiefly, as has 
been said, upon the use that could be made of the chele. Where they 
were not folded like a stumbling-block across the animal’s path, but 
could be lifted out of the way, they were slowly raised high in the air 
and extended, to be then with most ludicrous deliberateness, and in a 
tottering fashion, lowered to the ground again: the whole action having 
an air of caution that might suggest to an overlooker that the animal 
suffered badly from corns. The movements of the ambulatory legs were 
in most cases tolerably well co-ordinated, though slow and feeble: but the 
great want was the power to keep equilibrium, the difficulty of doing 
_ this being of course increased by the elevation of the centre of gravity. By 
extending the abdomen and pressing the animal close to the table, so as 
to make it assume as nearly as possible the normal attitude, animals that 
were otherwise unable to stir without rolling over could often be got to 
take two or three steps: but in such cases, by the end of the third step 
or thereabouts, the stilted attitude was resumed and the animal fell. In 
the pauses between the steps the ambulatory legs were nearly sure to 
resume their more special functions of preening or prehension, and the 
legs of the third pair in particular had an odd trick of turning straight 
round for a moment and pointing directly upwards over the animal’s 
back—probably it is their function to preen the sides of the carapace. 
When put upon their feet in the water (instead of out of the water on 
a table) these crayfish had not such a strikingly stilted attitude, and 
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did not as a rule attempt to walk, but began either feeding or preening 
movements, or falling over a little to one side set up the rhythmic swing 
instead. 


III. Division of both commissures behind the first post- 
oral ganglion. The crayfish subjected to this operation used their 
antennz more frequently and vigorously than those last described : 
their eye-stalks too were oftener seen to move. When left undisturbed, 
they frequently mage no movement except occasionally to lash their — 
antennz from side to side a fe r work their swimmerets. It 
was a very rare thing for thém to resort to feeding movements spon- 
taneously, but they occupréd themselves with preening very much more 
than the others did,4nd in this all four pairs often took part. The 
as not infrequent in the maxillipedes, but was seldom 
seen, and then only for a moment, in the other members. In one case 
the first post-oral ganglion was completely isolated by dividing the 
commissures connecting it with the supra-cesophageal ganglion, and 
after this the rhythmic swing of the posterior maxillipedes became 
yery marked. 

In these crayfish, as might be expected, there was an absence of all 
rapport between the maxillipedes and the chelate limbs in the pre- 
hension of food: it was possible, when the animal was motionless or 
engaged in preening, to feed it by means of the maxillipedes without 
arousing or diverting the other members; but contact of food with the 
chele at once excited the chelate legs under this just as under the last 
head. But when these last had secured their object they seemed to 
have forgotten the way to the mouth, sometimes missing their aim and 
catching against the base of the chele or the side of the maxillipedes, 
and then rubbing the piece up and down these parts as if it were a 
sponge and they needed washing; more frequently they persisted in 
poking the morsel under one of the maxillipedes from its outer side 
instead of dropping it between the two and directly over the mouth; 
and when at last they chanced to reach the right spot they did not at 
once loose their hold. It is further noteworthy that the fact of the 
mouth being already full, made no difference to their efforts to crowd into 
it everything they got, which they did, not turn about, but all together. 
Struggles too of an extraordinary kind were constantly occurring between 
them, when two or more happened to close on the same piece of meat, 
and sometimes lasted several minutes, the piece being eventually torn 
to shreds, and most of it strewn about the bottom of the tank. At first 
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sight these “struggles” appeared to be purposeful, but this is almost 
certainly not the case: for the normal procedure of the crayfish in 
eating strips of meat is rather to close the mandibles upon one end 
of it, and the hard bristled edges of the posterior maxillipedes upon 
the other, and then by depressing both maxillipedes together to tear 
the piece in two. Moreover it happened not unfrequently that when 
two chelate legs met over the mouth one would carry off what the other 
had just brought, and perhaps begin rubbing it up and down the base of 
one of the chele, the two seeming to differ as to where the mouth really 
was. And not only were the antenne frequently pounced upon, but 
sometimes one or other of the hinder legs was tugged towards the mouth 
as well.. These crayfish were extremely apt to reject even good food, 
brushing it away by means of the second pair of maxillipedes with “4 
most obstinate sulkiness; but in two cases out of three in which the~ _ Soh 
experiment was tried this sulkiness disappeared on dividing the supra- | 
cesophageal commissures, the very food that had been refused before 
the operation being eaten within an hour after it. In the third case 
there was possibly some injury from the operation, the animal dying 
in little more than a day later, whereas one of the others lived on for a 
month without being seen to refuse food again. 

When placed upon their feet the present crayfish assumed a 
position almost the antithesis of that of their predecessors, and differing 
in the opposite extreme from that of the uninjured animal. The back 
was curved just as it is in the dead crayfish, so that as the rostrum 
and tail-fin rested on the ground, there was barely room for the legs 
to move when they were not, as they often were, doubled up under the 
body: the chele were sprawled out helplessly on either side. The 
only attempt at locomotion they could make was to raise their cephalo- 
thorax by depressing the posterior maxillipedes, and this movement 
they would repeat two or three times a minute till they were exhausted, | 
the antennz being waved vigorously all the while. Sometimes, when 
lifted up in this manner, instead of falling flat again they toppled 
over on to their backs, still however continuing the movement of the 
maxillipedes, which might be felt to press against the finger with sur- 
prising force. In striking contrast with the strength of the posterior 
maxillipedes was the weakness of the chele: not only were these 
powerless for locomotion, they were much enfeebled as pincers too. 
The ambulatory legs paid absolutely no regard to the animal’s efforts 
to move; the two hind pairs were either rubbed together (fly-fashion), 
or occupied in preening: only the front pairs grasped about the ground 


rs 
7 
4 
“ap 


a 


| <—*~under Ti; when‘placed on the table, but the abdomen instead of being 


NERVOUS SYSTEM OF CRAYFISH. 223 


seizing small stones and trying to put them in the mouth. When lying 
upon their backs, the abdomen was often half, or more than half flexed, — 
so that the feet could reach all parts of the tail-fin, but the power of 
instantly flexing the abdomen was lost, though several times manifested 
in crayfish with the commissures below the cesophagus intact. 


IV. Longitudinal division of the supra-esophageal ganglion. 
This is a difficult operation to perform at all satisfactorily, and the 
remarks that follow are made on the strength of only three cases, one of 
these however extending over a fortnight, and the other over three - 
months, 

In all three there were very marked “circus movements” both 
forwards and backwards. All adopted the stilted position described 


bent sharply downwards was alternately elevated to the utmost, and 
then depressed, and sometimes retained curved rigidly backwards for a 
minute or more. And as the chelz were at the same time crossed in 
the perpendicular plane through the rostrum the animal could be set 
firmly on its head without falling till the abdomen was flexed again. 
These animals had considerable power of maintaining equilibrium, and 
were active in the water. Their ambulatory legs were always obedient . 
to the impulse to walk, and never, as in the cases last described, betook 


_ themselves to feeding or preening movements at such times. They were 


strangely irritable, flapping the abdomen frantically if it were touched, 
and fighting together whenever they met. 


It may not be out of place now to invite attention to certain points 
which these experiments seem to prove, and to some questions they seem 
fairly to suggest. 

The effects of the unilateral division of the commissures shew per- 
haps that there is no decussation of the longitudinal fibres in the nervous 


system of the crayfish (unless this occurs within the supra-cesophageal 


ganglion itself). 

The fact that the antennez are waved about when the commissures 
are severed immediately below the supra-cesophageal ganglion is evidence 
that this ganglion is not identical with the cerebral lobes of vertebrates. 

That it is the highest centre however follows from the disap- 
pearance of spontaneous activity on the part of the animal as an — 
individual as soon as this ganglion is isolated. Thus food refused 
before is refused no longer, and taken even when the animal is laid upon 
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its back; whereas a sound crayfish in this position does nothing but 
strive to recover his feet: only when utterly exhausted by being turned 
afresh on his back as often as he gets off it does he begin to act like 
one without its cephalic ganglion. The power to maintain equilibrium 
is also lost along with this ganglion as well as the power to inhibit the 
exuberant activity of the lower centres: those incessant feeding and 
preening movements are absent so long as it retains even an imperfect 


connection with the ganglionic chain behind. Further, the use of the 


abdomen and tail-fin in swimming to all appearance depends on the 
integrity of this ganglion. 

But the second or sub-cesophageal ganglion appears to ass func- 
tions so nearly equal in importance and so superior to those of the 
ganglia below as to justify Leydig’s comparison of the first two ganglia 
to a vertebrate brain in which the csophagus passed between the 
crura cerebri. Possibly the centres of taste or relish are located in this 
second pair, though this is not certain. There was much in the action and 
inaction of the mandibles to suggest very considerable independence 
between the centres for their movements and those for the movements 
of the maxillipedes. Thus the mandibles in several cases lost the power to 
move while the maxillipedes continued unaffected, and never at any time 
participated in the rhythmic swing or feeding movements of these last. 
It may be then that the mandibular palps and the anterior end of the 
cesophagus or whatever be the organs discriminating food are connected 
with the stromato-gastric nerves given off from the cesophageal collar. 
But at any rate the sub-cesophageal ganglion is the centre par excellence 
for co-ordinating the movements of the limbs. So long as it remains | 
the complex apparatus employed in the prehension of food works per- 
fectly, although often needlessly; and walking too is-still possible, 
whereas without the direction of these ganglia not a step can be taken. 
When the commissures are divided behind the second’ thoracic 
ganglion the animal crawls with extreme difficulty by alternate advances 
of the chele; when they are divided behind the third it gets along 
alternating both the chele and the first pair of legs: the other legs are 
rucked together in confusion just as all five pairs are, as mentioned 
under III., when all are divided from the sub-cesophageal ganglion. 
The rhythmic swing there described is indicative of the subordination 
of this ganglion to the cephalic ganglion: this swing is possibly analo- 


gous to the chorea manifested by the higher animals during certain 


structural or functional derangements of the supreme centres. Nay, it 
is not unlikely that in such rhythmic movements we see a relapse to 
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the only activity possible in a lower stage of development, and that 
the more complex movements acquired during connection with the later 
evolved centres of the special senses are, as Hering might say, because 
the last learned, the first “ forgotten. ” Still the difference already 
noted between the rhythmic swing of the thoracic limbs and the swing 
of the swimmerets is, it must be allowed, a difficulty in the way of 
such an explanation. 
In the stilted position assumed when the sub-cesophageal ganglion 
is deprived of the direction of the anterior pair we have a new diffi- 
culty. Why should not the limbs which in the prehension of food 
execute the appropriate movements in the normal way and yet are 
controlled by the sub-cesophageal ganglion move in an equally normal 
fashion when under the conduct of the same centres they are set to 
walk? Perhaps because these centres have a different part to perform 
in the two cases. The inability of the chelate legs to aim straight for 
the mouth may be due simply to the absence of sensory guidance, the 
motor impulse coming from the lower centres under the stimulus of the 
object grasped. Leaving this then aside, the only office remaining to 
the sub-cesophageal in the prehension of food would be that of inhibit- 
ing the activity of the chelate limbs till the masticatory apparatus is 
disengaged. But in locomotion the initiative for each particular limb 
appears to come from this ganglion: mere contact with the ground 
® does not, and from the nature of the case could not, bring on stepping 
movements, Nay, even standing at all ceases to be possible without 
direction from the higher centre. Thus it is probable that the rigid 
and constrained gait is at bottom traceable to the same cause as the 
rhythmic swing, to the absence, viz. of the cephalic ganglion in regu- 
lating and economising the motor discharges. The difference between. 
the two phenomena, the easy rhythm of the one and the irregular 
stammering of the other, may be explained, as suggested, by supposing 
the first to be the more primitive movement and as such independent 
of the higher centres: children can kick out well lying on \ their backs 
before they can crawl when put on “all fours.” 

The occurrence of the feeding and preening movements in the 
absence, of the two first ganglia is perhaps the most striking point in 
these experiments, The farce of grasping at nothing and making 
-empty passes to the mouth may have been chiefly due to the'’solicitation 
of the gustatory apparatus, since it became so much less frequent when 
the commissures between the first two thoracic ganglia were divided : 
but even after this, as soon as the chelate legs were touched, the feeding 
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movements were almost wilder than ever. Freed from the control of 
- the anterior ganglia these limbs act more like four hungry creatures 
just aroused by prey than as mere members of one individual. If we 
assume the first two pairs of ganglia to be homologous with the 
vertebrate brain and the remaining ganglia to be homologous with 
the vertebrate spinal cord there is then a remarkable difference between 

the decapitated crayfish, and say, the decapitated frog. From the latter 
it is impossible to get any continuous movement at all, to say nothing of 
such as might almost suggest that some of its members have a life on 
their own account. But in the decapitated crayfish the feeding move- 
ments occurred without extraneous stimulation, and spontaneous preen- 
ing movements went on at intervals during several weeks. There is 
thus much less solidarity, a much less perfect consensus, among the 
parts of the nervous system in the crayfish than in animals higher in 
the scale of being. 

But some of the phenomena described make it probable that at all 
events some stimulus within the organism but external to the particular 
centre is more or less necessary to its activity. Thus the antenne were 
waved more frequently and more vigorously, and the eye-stalks were 
oftener in motion, when the supra-cesophageal ganglion remained con- 
nected with the sub-csophageal, than when they were isolated from 
these as well. So too the diminution in the spontaneous feeding move- 
ments after the separation of the above-mentioned ganglion admits of a 
like explanation; while the increased preening manifest at the same 
_ time may be similarly referred to the excitation from the tail-fin region 
having no longer a counterpoise. 

It remains to mention certain experiments which belonging to no 
particular head have been reserved till now. The swimmerets which 
were oftener in motion after operation III. than after II. were in either 
case brought instantly to rest by gently touching the anal region; and 
not the movements of swimmerets only but the feeding and: preening 
movements were also suspended ; and in the cases under II. the move- 
ments of the masticatory apparatus as well. But this suspended action 
was followed, especially in the cases last mentioned, by violent preening 
movements and by flexure of the abdomen. On the other hand, if the 
swimmerets were at rest, irritating the anus set them in motion but 
not so quickly as it stopped them when moving: there was generally 
time for the abdomen to curl up and for the hind legs to start preening 
before the swimmerets moved. If two or more abdominal ganglia were 
isolated by dividing the commissure both anteriorly and posteriorly 
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the corresponding swimmerets could still be excited for a moment by 
striking the ventral surface on which they lay: if the abdominal com-— 
missure was divided in the middle the swimmerets behind the section 
could be excited to considerable activity by touching the anus. The 
anus itself could also be sometimes made to gape rhythmically by 
gently inserting a seeker into it. Beside their close sympathy with the 
anal region the swimmerets are also at once affected by any interference 
_ with the sexual organs: to touch these excites or inhibits the swim- 
merets, according as they are already at rest or in action, and leads to 
a folding of the abdomen. In the male too a single peculiar spasmodic 
twitch is induced in one of the last pair of legs ™ touching the gene- 
rative organ on that side. | 
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SOME EXPERIMENTS AS TO THE INFLUENCE OF 
THE SURROUNDING TEMPERATURE ON THE DIS- 
CHARGE OF CARBONIC ACID IN THE DOG. By 
F. J. M. PAGE, B.Sc, F.LC., 
tory, Unsoorsity College, leaden. 


Tue experiments, an account of which is given in the hieioe paper, 
were made in 1874, at the’Brown Institution; the publication has 
been delayed, as it was intended at the time to carry out further 
experiments with larger animals and to combine with the estimation of 
the carbonic acid, observations as to the quantity of heat evolved at the 
various temperatures. The completion of the original plan having 
been delayed by unavoidable circumstances, I have thought it desirable, 
with the concurrence of Dr Burdon-Sanderson, to place on record 
the results already obtained. 

The animal used throughout the experiments was a black terrier 


_ bitch, with moderately long hair, weighing about 4 kilogrammes, It 


wasfed at 6 P.M. on a weighed quantity of meat; the experiments 


3 were made usually between 10 A.M. and 6 P.M. 


\ The animal was enclosed in a box of tin-plate, which was ventilated 
by the passage of about 200 cubic inches of air per minute. The air 
er passing through the dog-chamber arrived at a T piece, one arm of 
which was connected with the apparatus for absorbing the carbonic acid, 
and the other with a tube dipping under water so as to offer a resistance 
to the exit of the air equal to that afforded by the absorbing apparatus. 
The two arms of the T were provided with taps so that either the 
absorbing apparatus or the resistance could be turned on at a moment’s 
notice. 
The absorbing apparatus consisted of 6 large Pettenkofer tubes 
placed side by side in a wooden frame, and 6 small Pettenkofer tubes 
similarly arranged ; all were charged with standard baryta water; after 
each experiment the baryta water in the 12 tubes was washed out with 
boiled distilled water and titrated with standard oxalic acid, tincture of 
turmeric being used as an indicator. By means of screw pinchcocks 
the stream of air was adjusted so as to pass equally through each of the 
6 large tubes. After bubbling through the 6 large tubes the air passed 
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through the 6 small tubes, and finally through a flask containing clear 
baryta water which, in all cases but one, was perfectly bright at the end 
of the experiment. | 

The dog-chamber was immersed in a second box of tin-plate filled 
with water at a known temperature; in one experiment this second box 
was omitted, and the dog-chamber was therefore exposed to the tem- 
perature of the surrounding atmosphere. 

The experiments usually lasted 10 minutes. The results are contained 
in the following Tables. The details given are: (1) the date; (2) the 
quantity of air which passed through the dog-chamber during the 
experiment, in cubic inches; (3) the time at which the experiment — 
commenced, the temperature of the dog was taken, or the temperature 
of the water changed; (4) the temperature of the water surrounding 
the dog-chamber, except in the @xperiment of March 31st, when the 
chamber was not surrounded by water, but exposed to the temperature 
of the surrounding atmosphere at $—33 and at 5—45; (5) the quantity 
of carbonic acid discharged in grammes per hour, calculated from the 
discharge in 10 or 15 minutes; (6) the temperature of the animal 
taken as nearly as possible at the times given. | 


Dat, | | Time. |. of water, | OG POE | of dog. 
March 31, | Exposed to 
3005 | 233° { \ 3075 | 39-2° 
1600 | 310 | 40°49 
12:241 43-5°+ 
3000 | 5-45 air 16° 3830 | 368° 
April 10 1230 | 25°—26° 38:3° 
1960 1-50 ‘ 3-113 
215 | 14 
2000 | 332 3739 | 
3-50 18° 
2030 | 430 | 3-209 
2000 5-20 4 38°8° 
April 13 12-30 | 23% 25° 
2030 | 230 D5° 2-917 
2-50 |  30°—32° 
2000 | 450 3-420 | 381° 
510 | 13° 
2000 612 3993 | 382° 


* Experiments lasted 15 minutes. + Experiments lasted 9 minutes, 
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Date, | Aitinoubic | ime, | water, | Per hour | oof dog 
April 15 1-0 24° 25° 38-4° 
2020 2-40 3°360 
3-0 13°—14° 
2000 3-49 3-949 38-2° 
4-20 28° 3 
| 
3221 | 38:1° 
4-606 
5°789 38°2° 
-88°3° 
3°124 
3:707 
4-790 | 
4°596 38°9° 
38°4° 
4:284 
4:179 
4°243 386° 
38°3° 
3-740 
38:1° 
3740 | 38:0° 
38°4° 
3:076 
| 
4°357 
3076 
2-664 
3°175 38:2° 
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_ Date. — Time. T. of water. ae ag T. of dog. 
T. of air 12° 12-30 25° 
May 4 2000 2-30 " 2-583 
2000 3-30 20° 2879 
1995 5-0 30° 2:977 
2000 6-0 25° 2°780 
T. of air 19° 11-20 25° 38°3° 
May 6 1990 12-30 3:210 
1990 2-15 30° 
2010 3-15 20° 3°405 
| 1995 4-35 25° 3011 38-0° 
T. of air 18° 11-15 25° 38°5° 
May 8 2000 2-20 2°726 
2020 3-54 20° 2°824 
2000 4-52 30° 2°726 
1995 5-50 25° 2°530 38°1° 
T. of air 17° 11-30 25° 38°6° 
May 11 2000 1-14 
2000 2-24 30° 2°749 
1990 3-54 20° 2°628 . 
1990 5-0 25° 2°334 382° 
T. of air 17° 11-30 24° 38°7° 
May 13 2000 2-0 ‘ 3-047 
2000 3-44 20° 3°146 
2000 5-10 3°344 38°2° 
_T. of air 21° 11-30 25° 38°4° 
June | 2000 1-50 2-729 
2-10 35° | 
2005 3-0 3°717 
3-20 15° 
2005 4-15 2-928 
4-30 25° 
2000 5-25 2°237 37 
T. of air 21° 11-30 25° 38°3° 
June 8 | 2000 1-38 a 3°676 
2-10 15° 
2000 3-26 
2000 4-38 30° to 35° 3773 
4-50 25° | 
2000 5-43 2692 38-4° 
PH. IL. 18 
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Date Air in cubic | Time T. of water. ~ | COs Per hour | of dog. 
inches. in grms. 
T. of air 20°5 12-0 25° to 26° 38-6° 
June 10 2000 1-25 3-032 
1-40 35° 
2000 3.2 4-411 
3-20 15° : 
2000 4-13 3817 
4-30 25° 
2000 5-14 a 2-636 38-0° 
12 11-15 
11-30 25° 
1995 1-4 9-595 
1-30 15°. 
2000 9-18 3-449 
2-40 35° | 
2000 3-56 3-649 
4-10 25° 
1995 5-2 | 2-366 | 38-99 


The most important conclusion suggested by the above experiments 
is that when the medium surrounding an animal is at a cer- 
tain temperature (in the case of the above dog about 25°) the 
discharge of carbonic acid is at a minimum; if this temperature 
be increased or diminished the quantity of carbonic acid — is 
invariably augmented. 


Thus the results of May 4th, 6th, 8th, and 11th, give a mean in- 


crease of 7 per cent. for a fall of 5 degrees, and a mean increase of 


9 per cent. for a rise of 5 degrees, as shown in the following table :— 


Carbonio seid discharge in grms. per hour of 005 ing tha 
Date. 3 
May | | 2-681 | 2879 | 2977 | 107 | 100 | 111 
May 6 —o 3110 | $405 | 3504 || 109 | 100 | 112 
Mey8 |. 3-580} 2628 | 2-824 | 2-726 || 107 | 100 | 103 
| | 2453 | 2628 | 2749 | 107 | 100 | 112 
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Tabulating the results of June Ist, 10th, and 12th in a similar way, 
we have: 


Carbonic acid discharge in grms. per hour || Discharge of CO, taking that 
at at 25°— 100. 


2-483 | 2-998 | 3717 | 118 | 100 | 149 
Fane 1 | 2854 | 3817 | 4411 | 134 | 100 | 155 
2445| 3-449 | 3-649 | 141 | 100 | 149 

393 | 300 | 453 
Mean 131 |~100 151 


giving a mean increase of 31 per cent. for a fall of 10 degrees, and a 
mean increase of 51 per cent. for a rise of 10 degrees. The other experi- 
ments, especially those of April 29 and May 1, confirm the general 
statement that the minimum discharge takes place when the surround- 
ing medium is about 25°, a rise or fall causing an increase in the 
quantity of carbonic acid given off. 

The experiments of April 20th and 22nd were made to ascertain 
whether this increased discharge was a temporary effect passing off 
quickly, or whether it was permanent. The results obtained are : 


April 20th. Discharge of CO, at 23°, 3:124 grm.; after 40 minutes 
at 35°, 3°707 grm.; in another hour it had risen to 4°790, after a second 
hour to 4°596; or taking the discharge at 23°=100, the other numbers 
become 118, 153, and 147. 


April 22nd. Discharge of CO, after 33 hours at 33°= 4284 grm., 
in another 70 minutes the quantity was 4°934, ‘in another hour 4°179, 
and finally in about 7 hours the discharge was 4°243; from these 
‘ experiments it is clear that the increased discharge at high temperatures 
lasts, at all events, for some hours. 

The experiments of March 31st and April 17th give results obtained 
by pushing the variation of the surrounding temperature further, thus 
the experiment of April 17th discharge at 23°—24° was 3°260; at 13°, 
4°173; at 10°, 4606; and at 8°, 5°789 grm. per hour, or taking the dis- 
charge at 23°—24° = 100, the numbers become : : : 
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23°—24° discharge = 100 


13° » =128 
10° »  =141 
8° 


The experiment of March 31st was a remarkable one. When the 
box was exposed to the temperature of the air (16°—18°), without being 
surrounded by water, the weights of carbonic acid discharged were in 


two experiments, 3°075 and 3°830, giving a mean of 3°452, After sur- 


rounding the animal for about an hour with water at a temperature of 
40°—42°, the quantity of carbonic acid was so great as to pass through 
the apparatus before 9 minutes had elapsed, some was therefore lost; the 
quantity absorbed was equivalent to 12°241 grm. per hour, or more than 


_ 34 times as large as the normal discharge. The animal on being taken 


out was panting and in a profuse perspiration; its temperature had risen 
to 43°5. This experiment was the only one in which any marked effect 
was ascertained to have been produced on the animal’s temperature by 
altering the temperature of the surrounding medium. 

In conclusion, the result arrived at was that there is a temperature 


of the surrounding medium at which the carbonic acid discharge from 


the animal is at a minimum; below this temperature the quantity of 
CO, discharged increases as the temperature falls, above this the dis- 
charge also increases, and at high temperatures, 40°—42”, the increase 
may be very rapid’, 


1 Colasanti (‘‘Ueber den Einfluss der umgebenden Temperatur auf den Stoffwechsel 
der Warmbliiter,” Pfl. Arch. 1877, x1v. 92 and 469) made a more extensive and somewhat 
sjmilar series of experiments on guinea-pigs. The method employed by Colasanti was 
more complete than mine, as he estimated the absorption of oxygen as well as the 
carbonic acid discharge. My purpose was to ascertain whether, as had been inferred by Dr 
Burdon-Sanderson from experiments on fevered animals, there is a normal body tempera- 
ture for each animal at which the exchange of material is least active. The answer was, 
as had been anticipated, that so far as the carbonic acid discharge is concerned, the effect 
of making an animal slightly too warm is just the same as that of making it slightly too 
cool, either condition increasing the carhonic acid discharge. Colasanti’s purpose was 
different, he confined his observations (as to the influence of the surrounding temperature) 
to the effects produced by lowering the temperature from that of summer to that of winter 
(22° to 5%. He fonnd that in the guinea-pig the relation by weight between the dis- 
charge of carbonic acid and the absorption of oxygen is always the same—viz. that of 
2 in 00s =0/86—and was little affected by the time of feeding; in a guinea-pig exposed 
to cold both quantities are increased equally so that the ratio above mentioned remains 
unaltered, He therefore inferred that either the oxygen or the carbonic acid might be 
taken as an index of the heat production of the animal. 
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ON THE RELATIVE PARALYSING ACTION OF 
ATROPIA AND PILOCARPINE ON THE HEART. 
By SYDNEY RINGER, M_LD., Professor of Medicine at University 
College, London, and E. A. MORSHEAD, L.R.C.P., Assistant to the 
Professor of Medicine at University College. 


As is well known, the topical application of pilocarpine i in woe doses 
quickly slows and weakens the heart, but requires usually several 
hours to greatly weaken or arrest the heart. In our experimen we 
find that atropia also greatly slows and weakens the heart, and often 
after some hours arrests it; indeed it. appeared to us that atropia affects 
the heart as powerfully as pilocarpine. We now record some experi- 
ments to test the relative action of atropia and pilocarpine. 

We used a two per cent. solution of pilocarpine nitrate and atropia 
sulphate, and we experimented in the following way. We exposed 


the hearts of two brainless frogs, and then partially opened the peri- 
cardium and filled the pericardial sac of one with the Sa 
and of the other with the atropia solution. 


We give our results in Table I. :— 


Table I. Action of nitrate of pilocarpine topically applied to 
the frog’s heart. 7 


After application Beats | : | Heart con- 
Date. | “beats fell from became at ees 
May 29 42 to 24 weak 10 hours 
ee: | 44 to 28 rather weak | 36 good beats in 5 hours} 36 hours 
June 11 50 to 28 weak did not recover 16 hours 
ae 40 to 28 very weak did not recover 9 hours 
Average 27 hours 


Action of sulphate of atropia topically applied to the frog’s heart. 


May 29 44 to 12 weak 3 hours. : 40 hours 
» ol | * 44 to 20 weak 5 hours 18 hours 
52 to 16 weak 30 feeble beats in | 16 hours 

| 5 hours 

June 11 40 to 20 weak did not recover 5 hours 
“ise 48 to 20 weak did not recover 16 hours 

Average 19 hours 
PH. II 
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These experiments show that atropia slows the heart even more 
_ than pilocarpine, for the average number of beats after pilocarpine 
was 27 per minute, after atropia 17°6 per minute. 
When the maximum slowing is reached, we find that pilocarpine 
va the heart more than atropia. “ae 
"We now give Table IL, showing when the maximum slowing was 
reached :— 


Table II. Maximum effects of pilocarpine. 


Frequency. 
May 29 ‘ in 2 minutes, 
Junell in 8 minutes. 
“9 13 in 19 minutes. 
Average 8 minutes. 
Strength. 


May 29. Grew progressively weaker till stopped. 
4, 31. In 15 to 20 minutes. 
June 11, Grew progressively weaker till stopped. 


Maximum effects of atropia. 


Frequency. | 
May 29 . in 2 minutes. 
June 11 ‘ in 30 minutes. 
‘ ; in 3 minutes. 


Average 10 minutes, 


Strength. 


May 29. In 2 minutes. 
» In 10 minutes. 
June 11. Grew progressively weaker till stopped. 


We find that the topical application of atropia slows the heart 
more than the topical application of pilocarpine, but when the maxi- 
mum slowness is reached the weakness is greater with pilocarpine 
than with atropia; and that the maximum slowing effects occur about 
the same time after the application of pilocarpine and atropia. 
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These experiments show that atropia does not simply paralyse the | 
vagus, for paralysis of the vagus could not. explain the slowing and 
weakening which follow the topical application of atropia. This must 
be due to the action of atropia either on the muscular substance of 
the heart or on the excito-motory apparatus. As atropia has no more 
action on voluntary muscle than common salt, it is improbable, we 
_ think, that the effects of atropia ‘are due t: its action on the cardiac 
muscle; and as atropia has a powerful action on the spinal cord and 
also depresses the voluntary motor nerves, we submit that it is more 
probable that the slowing and weakening of the heart is due to the 
action of atropia on the excito-motory apparatus, 


Experiments to ascertain how atropia antagonises pilocarpine und muscarin. | 


As has been repeatedly shown, atropia removes or prevents in a 
great degree the slowing and weakening effect of pilocarpine and 
muscarin on the heart. Through which structures is this antagonism 
effected? It is usually held that as atropia paralyses the extra- and’ 
_ intra-cardiac inhibitory apparatus, it is probable that pilocarpine 
slows and weakens the heart by stimulating this inhibitory apparatus, — 
and that atropia by paralysing this apparatus prevents the action of 
_pilocarpine. If this theory is correct then atropia should completely 
prevent or remove the effects of pilocarpine. We made some experi- 


* ments to ascertain how far atropia does antagonise the effects of pilo- ~ 


carpine. We used a two per cent. solution of pilocarpine nitrate, and 
a solution of the same strength of atropia sulphate. We find that — 
this solution of atropia sulphate does antagonise the action of pilo- 
carpine, but only to a limited extent, improving the strength but not 

always the frequency of the beats. We give our results in Table III. _ 
a We made a corresponding series of experiments with extract of 
Amamita muscaria, which is supposed to slow and weaken the heart 
in the same way as pilocarpine. 

We used a 1 in 5 solution of extract of muscaria and a two per 
cent. solution of atropia sulphate. In these experiments the antago- 
nism was far from complete, for though the atropia increased the 
strength and frequency of the beats, it did not restore them to their 

normal frequency or strength. | 

We give the results of these experiments in Table IV. 
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238 S. RINGER AND E. A. MORSHEAD. 
Table III. 
The pul-lepplic | Pal 
i - icati sa- 
Date, |pilocarpine| sations | of atropia | The Palsations | Heart recovered con. 
the pulsa- | became | the pulsa- tinued 
tions fell | tions were | . 
Jun. 10) 44 to 32| very jratherstronger, 7 hours hours 
weak 
» 14| 44 to 20) weak 16 decidedly im- | recovered fre- 
proved but | quency in 6 
remained hours but 
: weak grew weaker 
» 17| 56 to 36|rather| 28 rather im- | recovered fre-|18 hours 
: | weak proved quency and 
strength in 
2 hours 
», 17| 56 to 28| very 24  |improved but} never re- {2 hours 
weak continued covered 
weak 
», 56 to 28| weak 36 became 
quantity 
Table IV. 
cation e pul- application solution 
Date, | ef opie | | recoveres in 
tions fell tions were muscaria 
Jan. 10 42to12| weak | 24 fair 5 hours [42 hours!2 p. cent. 
» 18) 76 to 0 |stopped| 24 weak in frequency lin 5 
3 in 4 hours 
» 21) 44 to 8 | weak 24 rather weak | recovered in lin 5 
frequency in 2 | 
hours; never 
recovered in 
3 force 
» 21) 48 to.2 | weak 28 rather weak | recovered in -lind 
frequency and 
‘force in 2 hours! 
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* At first sight it might be thought that these results are fatal to 
the explanation usually accepted, but a little consideration will show 
that this is not the case. 
~. It must be remembered that we used a strong solution of atropia 
"(two per cent.), and the result was that in the one case we replaced 
the effects of pilocarpine with those of atropia, and in the other the 
effects of muscarin by those of atropia. After the application of the 
atropia the condition of the heart as regards both strength and fre- 
quency was similar to that occurring when atropia alone is applied to 
the heart. It may then be said that pilocarpine (and muscarin) slow, 
weaken, or arrest the heart by stimulating the cardiac inhibitory 
apparatus, and that atropia paralysing this apparatus obviates the 
effect of pilocarpine; but if a strong solution of atropia be used, it 
not only paralyses the inhibitory apparatus, but the atropia weakens 
and paralyses the excito-motory apparatus, and so the heart remains 
weak and slow. 

At this point of our investigations it occurred to us that as 
atropia not only paralyses the inhibitory apparatus but probably also 
weakens or paralyses the excito-motory apparatus, two theories regard- 
ing the antagonism of atropia for pilocarpine are feasible. 

Pilocarpine may have a chemical affinity for the inhibitory ap- 
paratus, and by combining with this nervous structure it may increase 
its functional activity, or stimulate it as it is termed. Atropia having 
a stronger chemical affinity for this nervous structure displaces the 
pilocarpine and paralyses the inhibitory apparatus. But another view 
is feasible, for we have seen that probably atropia weakens or paralyses 
the excito-motory apparatus of the heart. Pilocarpine and muscarin 
may possess a chemical affinity for the cardiac excito-motory apparatus, 
and in combining with its nervous elements weakens or paralyses this 
apparatus. Atropia may possess a stronger chemical affinity for the 
nerve elements of the excito-motory apparatus, and so displace the 
pilocarpine and replace the weakening effect of the pilocarpine for 
the lesser weakening effect of atropia. That in fact both act on the 
‘same structure and in the same way, but that atropia in virtue of 
its greater affinity displaces the pilocarpine or muscarin, Consequently 
the atropia prevails, and we get what we may term an atropia heart 
instead of a pilocarpine or a muscarin heart. 

Our subsequent experiments were devised to ascertain which of 
_these theories is the more feasible. | 
We first experimented to learn if muscarin paralyses the excito- 
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motory mein or the muscular substance of the heart. At the 
suggestion of Dr Sanderson we tested the effect of muscarin on the 
excised ventricle with the auriculo-ventricular groove attached; this 
portion of the heart being, according to the accepted view, free from 
any inhibitory nervous apparatus and containing only excito-motory. 
We give in Table V. a record of our experiments. _ 


Table V. 
Before the | 
|application| After the The h Aten 
of mus- |#PPlication| The e eart er the appli- Con- 
Date. | caria ex- | f MUS- | acceleration | Stopped after | cation of atropia The pulsa-| tinned 
! tract the |.c@tia the | continued | ®PPlication of | the heart began |tion rose to beating 
heart beat sey aa muscaria in to beat in 
per minute 3 


2| 7 good 44 $ minutes | 4 minutes | 1 minute | 18 good 9 hours — 


Carbonate of soda used. 


4| 42 good not 7 minutes 1 minute | 36 good |3 hours 
quickened 
4| 12 good | not _ {almost stopped| grew stronger |continued|3 hours 


quickened | in 5 minutes | in 5 minutes |at 6 beats 

| and fell to 6 | and became | per min. 
| beats per min.| fairly strong 
5'| 4 good 20 11 minutes 1 minute | 20 good |1 hour 


We placed the excised ventricle in a watch-glass, containing an 
equal quantity of the frog’s blood and a one per cent. solution of 
common salt. We employed a solution of extract of amanita muscaria 
1 in 5, and a 1 in 400 solution of sulphate of atropia. 

In these four experiments we found that after the ventricle was 
stopped by extract of muscaria, on the application of atropia pulsations 
returned, became good, and continued on an average four hours. | 

The solution of amanita muscaria has a faint acid reaction, and we 
thought it possible that the arrest of the contractions might be due 
to the acid reaction. In the three last experiments therefore, when 
the heart was stopped we added a two per cent. solution of carbonate 
of soda, but without exciting any contractions; we then added the 
solution of sulphate of atropia. 

On many occasions we found on excising the ventricle with the | 
auriculo-ventricular groove attached, that the contractions soon ceased, 
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but could readily be restored for a few minutes by simple mechanical 
stimulation of the ventricle, as by pinching or pressing with the forceps. 
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We tested the antagonism of muscarin and atropia on some of 
these hearts, and find that extract of muscaria paralyses them whilst 
atropia restores them to their former condition, We used in these 
7 experiments a solution of the extract of amanita muscaria 1 in 5, and 
a 1 in 400 solution of — of — We now record some of 
our experiments. 


July 10th. 


7.34. 
7.40. 


7.45. Applied a galvanic shock, followed by a succession of beats 


Ventricle 

Stopped, but mechanical stimulation restores the contraction for 
a short time. Muscarin applied. 

Very slight contraction on mechanical stimulation. 

No contraction on stimulation. Atropia applied. 

A few seconds after mechanical stimulation contractions began. 

16 fair beats per minute. 

20 good beats 

12 rather weaker. 

6 feeble beats. . 

Mechanical stimulation, beats strengthened at once. 


. .22 fairly good. 


10 feeble. Mechanical stimulation strengthened beats. 
On mechanical stimulation there followed one feeble beat. 


Ventricle excised. 

20 good. 
Stopped. Mechanical stimulation applied. 
32 good, and continued beating for a minute. 
Muscarin extract applied. — 

Mechanical stimulation. 

35 per minute. | ‘ 
Stopped. 

Mechanical stimulation without effect. 
Sulphate of atropia applied. 

Began to beat spontaneously. 

20 per minute, good. 

Same. 

12 per minute, decidedly weaker. 

Just stopped. Mechanical stimulation. 

4 per minute, rather feeble beats. 

2 per minute, feeble. 


Stopped. 


Ventricle excised. 
Stop 


lasting about } minute, 


July 8th. 
7.45. 4 
8.11. q 

8.14, 
8.15. 
8.17. 
8.18, 
8.25. 
8.27. 
8.32. 
8.42. 
8.44 q 
8.52. 

10.30. 

July 9th. ; 
7.43. 
7.46. : 

7.50. 
7.51. 
7.52. 
7.54. 
7.56. 3 
7.59. | 
8. 4 
8.1. 4 
8.3. 
8.8. 
8.17. 4 
§.25. 
8.27. 7 
8.32. 
8.39. 
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7.47. “Muscarin extract applied. 
7.50. Galvanism applied. Contractions lasting for 15 seconds. — 
Muscarin extract reapplied. 
7.52. Spontaneous contractions for about 15 seconds. 
7.54. Galvanism applied. 17. contractions in the following 4 minute. 
7.57. Galvanism applied. . No contraction. 
7.59. Sulphate of atropia applied. 
8. Spontaneous contractions began. 
8.1. 28 feeble contractions per minute. 
8.3. 22 per minute, much stronger. 
8.6. 20 fair beats. 
8.14. 13 good. 
8.20. 13 good. 
July 
2.45.. Heart excised and placed in 1 p.c. solution of chloride of sodium. 
2.49. 16 very good. 
2.57. Stopped. 
2.59. Mechanical stimulation, 36 per minute. 
2.594. Stopped again. Mechanical 
3. 36 per minute. iy. 
3.1. Stopped. 
3.3. . Extract of amanita muscaria applied. 
3.7. Mechanical stimulation. 40, weaker, per minute, 
3. Stopped. 

3.11. Mechanical stimulation. 36, very weak, per minute. 
3.16. Mechanical stimulation. 40, only just visible, per minute. 
3.20. Mechanical stimulation. Contractions only just visible. 
3.204. Sulphate of atropia applied. _ 

3.23, Mechanical stimulation. 4, much stronger, per minute. 
3.25. Mechanical stimulation. 24 fair beats per minute. 
3.27. Mechanical stimulation. 44 per minute, strong beats. 
3.294. Stop 

3.36. Mechanical stimulation, 16 per minute, good. 

3.364. Stopped. 

3.39. Mechanical stimulation. 16 good per minute. 

3.40. Stop | 
3.414. Mechanical stimulation 40 per minute, very good. 
3.43. Stopped. 3 
3.46. Mechanical ‘Sedition. 1 feeble beat. 

3.48. Mechanical stimulation. No effect. 


In the previous experiments the heart soon stopped beating; this 
we ascribed to the heat of the room, and we determined to keep the 
heart cool, so we placed the watch-glass containing the heart on a 
block of ice. 


July 18. 


7.52. Heart excised. 
7:54. 4 prolonged contractions per minute, ea contraction lasting 


6 to 7 seconds. 


= 
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8. 2 per minute. A 


8.4. Stopped. 
8.5. Mechanical stimulation, one prolonged contraction on touching 
; any part of ventricle. 
Muscarin applied. 

| | 8.11. Mechanical stimulation produced one strong contraction. 
8.13. Same, 

| 8.30. 


” 
8.32. 7 spontaneous contractions per minute. 
8.36. Spontaneous contractions ceased. 
8.37. On mechanical stimulation one good contraction. 
8.41. Same. 
8.42. Muscarin re-applied. 
| 8.48. After mechanical stimulation no contraction. 
| 8.50. Same. Sulphate of atropia applied. 
8.52. After mechanical stimulation no contraction. 
8.56. Same. 
10,40. Mechanical stimulation. 10 fair beats. 
10.47. Mechanical stimulation. 17 beats in half a minute. 


July. 

7.41, Heart excised. 

7.46. 5 very strong contractions per minute, each sentiscics lasting 
about 7 seconds. 
| 7.53. Stopped. Mechanical stimulation excited one strong contraction. 
7.56. Muscarin applied. 
7.59. Mechanical stimulation. 5 strong contractions per minute. 
8.9. Contractions ceased. 
8.12. Mechanical stimulation. One doubtful contraction. 
8.15. Mechanical stimulation. No contraction. : 
8.17. Sulphate of atropia applied. 
8.20. Mechanical stimulation. No effect. 
8.22. Spontaneous contractions, 3 very long, but not sh contrac. 

tions. 
8.28. 3 per minute, good contractions. 
8.34. 4 strong contractions per minute. 
5 


10.20. Stopped. Mechanical stimulation. No effect. 


In both these experiments we noticed that before the application 

of extract of muscarin mechanical stimulation excited only one con- 

traction, but soon after the action of muscaria the heart continued 

contracting after mechanical stimulation for several minutes. The mus- 
carin ifideed at first appeared to act as a ‘stimulant.’ 

In all these experiments extract of muscarin arrested the pulsations 

of the ventricle, and as the portions we used were free from any inhi- 

bitory apparatus, we must conclude that muscarin in part at least 
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arrests the heart by paralysing either its excito-motory apparatus, or 
its muscular substance, or both. 

After the heart was paralysed by extract of muscarin we added a 
small quantity of a weak solution of atropia, and in every instance 
pulsatile activity returned, indeed often the heart beat spontaneously, 
but when this did not occur, mechanical or galvanic stimulation excited — 
contraction, and in most instances strong contractions; in other words, 
atropia antagonises the action of muscarin on the ventricle with the 
auriculo-ventricular groove attached. As this portion of the heart is 
free from an inhibitory apparatus, it is evident that the paralysis is 
not due to stimulation of the inhibitory apparatus by muscarin, and 
the antagonism of course is not due to the atropia paralysing the 
inhibitory apparatus, and so obviating the effect of muscarin. 

Muscarin, we have concluded from these experiments, paralyses the 
ventricle either by paralysing the excito-motory apparatus, or the 
muscular substances, or both, and the antagonism by atropia must be 
effected by its influence on one or both of these structures. 

In a previous section of this paper we have shown that atropia, 
like muscarin, paralyses the heart by its influence on the excito-motory 
apparatus, or the muscular substance of the heart. How then is the 
antagonism effected on the ventricle by these two substances, which 
both paralyse it ? 

We suggest it depends on a chemical displacement. Atropia has 
_ a stronger chemical affinity for the excito-motory apparatus or muscular 

substance than muscarin, but at the same time the paralysing power of 
atropia is much weaker than that of muscarin; or in other words, 
muscarin combines with the nervous structure of the excito-motory 
apparatus or muscular structure, and paralyses the heart. Atropia, | 
from its stronger affinity for these structures, displaces the muscarin, 
but as its paralysing action is slight, the heart contracts again. 

We next tested the antagonism between atropia and extract of mus- 
caria on the ventricle without the auriculo-ventricular groove attached 
to it. The ventricle then gives one contraction on each stimulation. 
We used solutions of the same strength as in the previous — 
We give a record of some of our observations. 

8.10. Applied muscarin. 

8.13. No contraction on stimulation. Atropia applied. 
8.15. No contraction on mechanical stimulation. 

8.25. A good contraction on stimulation. 
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8.45. A good contraction on stimulation. 
8.53. 


10.30. No contraction on nmchiilied stimulation. - 


In the following experiments we placed the cut-out apex in a 
watch-glass surrounded by ice, but the watch-glass was not in contact 
with the ice. We were careful to avoid the auriculo-ventricular groove, 
and in the second experiment we removed only the apex, leaving the 
greater part of the ventricle behind. | 


1.59. Heart excised. 


2.2. Mechanical stimulation followed by a single strong contraction. 
2.6. ” | ” ” 
2.9. | ” ” ” 
2.10. Muscarian applied. 
2.15. Mechanical stimulation, One distinct contraction. 
2.24. a One feeble contraction. 
2.28. 
2.34. 
2.37. i No contraction. Atropia, | in 400, applied. 
2.40. Pe A distinct contraction. 
2.44. re A good contraction, 
2.49. 
2.55. a 12 good contractions per minute. 
2.58. Contractions ceased. 
3.5. Mechanical stimulation. One fair contraction. 
3.10. 
3.17. 
3.22. ” 
3.29. 
April 22. 


2.19. Apex excised. | 
2.20. Mechanical stimulation followed by a single strong contraction. 
2.26. Same. 

2.29. Same. Extract of amanita muscaria applied. 
2.33. Mechanical stimulation. No contraction. 
2.34. Atropia applied. 

2.37. Mechanical stimulation. No contraction. 


2.50. One good contraction. 


” 
” ” 


3.14. Two spontaneous good contractions per minute. 
3.22. Three 


These experiments show that extract of muscaria is poisonous to 
. the apex of the ventricle, which contains neither inhibitory nor excito- 
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motory ganglia, in fact that extract of muscaria paralyses the muscular 
substance of the heart; and they further show that atropia antagonizes 
the action of muscarin on the muscular substance of the ventricle. : 

In our two last experiments we obtained a curious result. Although 
only the apex of the ventricle was removed, and while, before the drugs 
were applied, mechanical stimulation excited only one contraction ; 
yet after atropia had been applied for some minutes, spontaneous con- 
tractions began and persisted for fifteen minutes. 

In the antagonism of atropia for muscarin we have an example of a 
remedy which slows and weakens the heart antagonizing the action of 

_ another remedy which also slows and weakens the heart. In the previous 
number of this Journal we have given another example of the same 
action, for we have shown that pilocarpine antagonizes the action of 
muscarin, and these two remedies bath»slow- ant: weaken the heart; 
and we found that pilocarpine is almost as powerful an antagonist for 
muscarin as atropia, 

We now suggest the same pithiaidicn for the antagonism of pilo- 
carpine for muscarin as we have offered for the antagonism of atropia 
for muscarin; namely, that pilocarpine has a stronger affinity for the 
cardiac structures than muscarin, but pilocarpine is a far feebler paralyser 
than muscarin. On account of its stronger affinity, pilocarpine, when 
added to a heart weakened or arrested by muscarin, displaces the . 
muscarin, and taking its place substitutes its own action for that of 
muscarin, and having a weaker paralysing effect, the heart’s con- 

 tractions return, or if only ‘slowed’ and Weanened, grow stronger 
and more frequent. 

If this view is correct, it is obvious that whilst pilocarpine will 
antagonize muscarin, muscarin should not antagonize pilocarpine. We 
have made some experiments to test if muscarin does antagonize pilo- 
carpine. 


We performed a series of comparative experiments. ‘We Siatad 
the action of 


(i) nitrate of pilocarpine on the heart, 
(ii) nitrate of pilocarpine followed by extract of muscarin, 


(iii) nitrate of pilocarpine followed by a 1 per cent. solution of 
nitrate of muscarin obtained from amanita muscaria, 


fiv) nitrate of pilocarpine followed by a 1 in 120 solution of 
sulphate of atropia. 
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Before making this series we thought it better to test the power 
of our 1 per cent. solution of nitrate of muscarin on the frog’s heart. 


' Exp.i. The heart’s beats slowly fell from 40 and stopped in 70 
minutes. 
Exp. ii. The heart’s beats fell slowly from 34 and stopped in 70 
minutes. 
Exp. iii. The heart’s beats fell slow ly from 40 and stopped in 73 
minutes. 
_ Exp. iv. The heart’s beats fell slowly from 36 and stopped in 53 
| minutes. 


We give the results of our observations in Tables VI, VII. and. 
VIII. 


Table VIII. Antagonism of atropia to pilocarpine. 


After appli- After appli- 
After application; cation of After application) cation of Pulsati 
Date. | of pilocarpine | pilocarpine |. of atropia atropia sations 
pulsations fell | pulsations | pulsations rose | pulsations continued 
became became 
Feb. 8 |in 1 min. from| stopped |in3min.to40} good | was beating well 
48 to 0 at 32 four hours 
and a half after- 
wards, when ob- 
servations were 
»» 18) in 2 min. from very weak | in 2 min. to 18) very good | 14 hours after 24 
40 to 28 and in 2 hours very good 
in 2 hours fell to 28 
to 12 


Action of pilocarpine on heart. 10 per cent. solution. 


Feb. 8. The heart beating at 44 fell in 11 minutes to 24, and in four hours 
and a half to 8 and became very weak. 

» 18, The heart beating at 36 fell in 5 minutes to 20, very weak ; four 
hours after it beat 24, very weak ; fourteen hours after it had 
stopped. 

In the four experiments in which we applied extract of muscaria 
after pilocarpine we obtained no antagonism, but on the —— in 
every instance the pulsation became weaker. 

Of the seven experiments with nitrate cof muscarin: in five the 
strength of the beats remained the same; in one the beats became - 
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weaker; in one they became stronger. In three the beats became 
more frequent after the application of muscarin, but we doubt if this is 
due to the muscarin, and believe it would have occurred without it; 
for we find that pilocarpine when first applied greatly slows the heart, 
and after a few minutes the beats become more frequent again. 

In May we resumed our investigation. 

We applied some 1 in 10 solution of nitrate of pilocarpine to a 
heart beating at.20. In 30 minutes the auricles stopped and the 
ventricle beat very feebly at 22, only the base of the ventricle con- 
tracting. We then applied a very small quantity of a 1 in 50 solution 
of extract of amanita: in five minutes we applied a little more. The 
left auricle at once commenced contracting feebly; in fifteen minutes 
from the first muscarin application it contracted well. In sixteen 
minutes both auricles contracted well at 20, and the ventricle had 
grown a little stronger. In eighteen minutes the ventricular contrac- 
tion had greatly improved, and in twenty-one minutes both auricles 
and the ventricle contracted as well as before the experiment was 
begun, In thirty-five minutes the ventricle and the right auricle 
stopped. We then reapplied the muscarin solution, and the left auricle 
at once grew much weaker, so that its contraction only caused a quiver 
- in its walls, whilst the other auricle and the ventricle remained motion- 
less. We then waited five minutes, and applied a 1 per cent. solu- 
tion of sulphate of atropia to the heart, and in one minute all the 
cavities began contracting, and in two minutes the contractions were 


In this experiment there was a distinct antagonism, lasting however 
only about half an hour, and on the reapplication of muscarin the heart 
all but ceased, showing that if too much muscarin be applied, so far 
from antagonizing pilocarpine it assists its action. The greatly superior 
antagonistic action of atropia is shown in this experiment, for when 
only the left auricle contracted very faintly, atropia restored vigorous 
pulsations in all the cavities. 

- Next day we repeated the experiment, but employed extract of 
jaborandi instead of pilocarpine ; after the application of the extract 
to the heart, beating at 56, in thirty-three minutes the ventricle 
stopped and the left auricle beat feebly at 20. We then applied a 
very small quantity of the 1 in 50 solution of extract of amanita. This 
greatly increased the strength of the contractions of the left auricle, 
but the right auricle and the ventricle remained motionless. We 
waited twenty minutes without any change, and again applied mus- 
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caria solution, this time freely, when immediately the contractions of 
the left auricle grew much feebler and in four minutes had all but 
stopped. We then applied a very small quantity of a 1 per cent. solu- 
tion of atropia, and in three minutes all the cavities contracted well. 

This experiment, like the last, shows that muscarin is in a small 
degree antagonistic to pilocarpine, though in this case it only strength- 
ened the beats of the left auricle. On the addition of a larger quantity 
of muscarin this cavity grew much weaker. 

May 27. We applied three times, at about five sinhtes Listebonl 
some 1 in 10 solution of nitrate of pilocarpine. This reduced the ven- 
tricle’s contractions from 48 to 1, and the. auricular to 20, and greatly 
weakened them. Some 1 in 50 of extract of amanita muscaria was 
upplied twice, at 13 minutes interval, but the heart’s contractions 
became still weaker. A little of a 1 per cent. solution of atropia sul- 
phate was then applied, and in eleven minutes the heart beat 22 good 
beats per minute. 

These experiments show that in the great majority of cases, mus- 
carin does not in any degree antagonize the action of pilocarpine, but 
on the contrary the pulsations grow weaker. In a few instances, 
however, the pulsations grew stronger and more frequent for a short 
time, but the pulsations are at once arrested if the muscarin solution is 
applied a second time at all freely. 


SUMMARY OF OUR CoNcLUSIONS. 


I. Sulphate caf atropia topically applied is almost as powerful a 
paralyser of the heart as pilocarpine. 


II. Atropia paralyses either the excito-motory cardiac apparatus, or 
the cardiac muscle, or both these structures. 


III. Extract of muscaria paralyses the cardiac muscular substance 


and probably the excito-motory apparatus. 


IV. In part at least, atropia antagonizes the action of muscarin 
by possessing for the cardiac structures (excito-motory apparatus and 
cardiac muscle) a stronger affinity than muscarin, whereby atropia, 
a cardiac paralyser, replaces muscarin, also a cardiac paralyser: but 
atropia has a far weaker paralysing action than muscarin: hence when 
atropia replaces muscarin in the cardiac structures, the powerful para- 
lysing effect of muscarin is replaced by the far weaker paralysing 
effect of atropia, and so a heart weakened or arrested by muscarin 
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becomes strengthened, or commences beating again, on the addition 
of atropia. 


V. Pilocarpine, which weakens or arrests the heart, also antago- 
nizes the action of muscarin, which still more powerfully paralyses the 
heart. We suggest the same explanation for this antagonism as for 
the antagonism of atropia for muscarin, namely, that it is due to 
chemical displacement. Pilocarpine having a stronger affinity for 
the excito-motory apparatus and for the muscular substance, displaces 
muscarin and substitutes its own weaker paralysing action ne that ’ 
‘Muscarin. 


Our experiments do not show that the 
atropia and muscarin is not in part due to their antagonism on the 
inhibitory apparatus. In which case atropia, having a stronger chemi- 
cal affinity for the structures of inhibitory apparatus, displaces mus- 
carin and substitutes its paralysing action for the stimulant action of 
muscarin. 


In our previous experiments we noticed that though atropia 
markedly antagonizes the action of pilocarpine, yet the heart soon 
ceased to beat, much sooner than after the application of muscarin 
followed by atropia; and we made some experiments to ascertain how 
soon the heart stops after the effect of pilocarpine has been antagon- 
ized by atropia. We give our results in Table IX. We employed a 
2 per cent. solution of nitrate of pilocarpine and a 1 per cent. solution 
of sulphate of atropia. 


- 


Table IX. 
Hearts bats 
eart’s Pulsations | pplication | Pulsations| Heart con- 
Date. reduced b f atro : 
rill became became | tinued beating 
rose to 
May 28 20 to 4 weak 20 good | 5 hours 
“oe 48 to 16 weak 28 good 8 hours 
» 29 48 to 20 rather weak | 28 good 7 hours 
» 29 52to 20 | ratherweak | 36 good | 9 hours 
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CONCERNING THE ACTION OF COMMON SALT, SUL- 
PHATE OF ATROPIA, BROMIDE OF CONIA AND 
SULPHATE OF NICOTINE ON MUSCULAR IRRITA- 
BILITY. By SYDNEY RINGER, M.D., Professor of Medicine 
at University College, London, and E. A. MORSHEAD, L.R.C.P., 
Assistant to the Professor of Medicine at University College, London. 


In Vol. I. of this Journal we published a paper showing that chlo- 
ride of potassium is a powerful protoplasmic poison, speedily destroying 
function in the cord, nerves and muscles. We made two series of expe- 
riments, In the first, muscular contractility persisted on an average 
four times longer, and in the second, twelve times longer in the un- 
poisoned than the poisoned frogs, — 

We have also shown that tartar emetic, arsenious seid, aconitia, 
hydrocyanic acid, are likewise powerful protoplasmic poisons, and 
we determined to pursue this subject, and to test the action of other 
substances on muscular irritability, following the same plan we adopted 
in our previous experiments, namely, to ascertain how long muscular 
irritability continued in the poisoned frogs compared to brainless frogs 
with the circulation arrested by excision of the heart. 


We first experimented with common salt. 

We were obliged to conduct these experiments somewhat differently 
from those with chloride of potassium, for this salt quickly paralyses 
the heart, whilst chloride of sodium has a far less depressing action on 
the heart. We found indeed that after the injection of the salt the 
heart continued beating well, and so to compare its action on the 
muscles with our unpoisoned test frogs with extirpated heart, we first 
poisoned the frog by injecting the solution of common salt, and then 
after allowing time for the absorption of the salt, we cut away 
the heart. Thus the only difference between the poisoned frog and 
the test frog was the presence of the excess of common salt from our — 
injection. 

In these experiments we used “brainless frogs,” that is, before 
experimenting we cut across the occipito-atlantoid membrane and 
destroyed the brain by thrusting a wooden peg into the cavity of 
the skull, | 

We give the results of our experiments in Table I. 
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These large doses of common salt therefore exert a slight action 
on muscular irritability. We extract the averages in Table IT. 


Table II. Frogs poisoned with common salt. 


| Date. Anterior limbs. Thighs, Lower leg muscles, 
Oct. 11 24 hours 34 hours. 50 hours. 
Feb. 47 hours 49 hours 72 hours 
Test frogs. 
| Oct. | 28 hours 42 hours 77 hours 
| Feb. 69 hours 77 hours 97 hours | 
| 


| _ Muscular irritability therefore lasted about half as long again in © 
\ the test as in the salt frogs, whilst with the same relative dose of 
chloride of potassium, muscular irritability persisted four and twelve 
times longer in the test than in the potash frogs. 


The Action of Sulphate of Atropia on muscular irritability. 


We performed these experiments in the same way as those with 
common salt, that is to say, we injected the atropia solution under 
the skin and then allowed time for it to be distributed through the » 
circulation; we then cut through the heart. We at the same time 
prepared some test frogs by cutting through the heart. 

We give our results in Table III. 
| We extract the averages and give them in Table IV, - 


Table IV. Frogs poisoned with atropia. 


Muscular irritability ceased in 
Propor- 
Date. | tionate |" 
dose. | anterior limb. | thighs, 
Oct. aor 32 hours 28 hours 55 hours 
Test frog. 
Octi | | 39 hours | 50 hours 


73 hours 
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By comparing Table IV. with Table II. giving the results of our 

1 observations on common salt, it will be seen that in about the same 

- proportionate dose, atropia has no greater influence « on muscular irrita- 
bility than common salt. 

We then tested the action of bromide of conia on muscular irrita- 

bility, performing experiments as with common salt and atropia. We 
give our results in Table 6 


Table V. Action of bromide of conia on muscular irritability. 


Frogs first poisoned and when paralysed the heart cut through. 


Weight of 
animal 


Propor- 
tionate 
dose. 


Paralysis 
complete, 


' Muscular irritability ceased in 


anterior 
limbs. 


thighs, 


lower leg 
muscles. 


~ 


20 hours 
34 hours 
24 hours 


20 hours 
38 hours 
20 hours 


40 hours 
63 hours 
32 hours 


26 hours 


26 hours 


45 hours 


We give the averages in Table VI. | | 


Table VI. Frogs poisoned with ‘bromide of conium. 


Muscular irritability ceased in 


anterior limbs, | thighs. 


26 hours 


26 hours 45 hours 


Test frog. 
| 33 hours | 41 hours | 60 hours 


| 


Date, | Dose in | 
* | grains, in solution. 

A 29 t4 13 min. lin 5 

30 zez | 12 min. 1 in 5 
28 ez | 11 min. 1 in 5 
Average| zi, | 12 min. | 
Test frogs. Brainless with heart eut through. 
Apr. 11 33 hours | 33 hours | 64 hours 
| 24 hours} 39 hours | 65 hours | 
43 hours | 53 hours | 52 hours 
33 hours |41-6hours) 60 hours 
Propor- 
Date. | tionate 
dose. 
April tit —— 
| 
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Bromide of conium is therefore a very weak muscle poison, no more 
powerful in this respect than common salt; an enormous dose of 33, 
of the weight of the animal, equivalent to about five ounces of the 
poison to a man weighing 150 lbs., patie. required to aaa even 
a slight effect. 


We next tested the action of nicotine on muscular irritability. 

As in our previous experiments we first destroyed the brain and 
then injected the solution of nicotine under the skin of the back, and 
after about an hour had elapsed we cut away the heart to arrest 
the circulation. At the same time we prepared some test frogs by 
destroying their brains and cutting away their hearts. 

We used a 1 per cent. solution of nicotine. 

We give the results of our experiments in Table VII. 


| Table VII. The action of nicotine on muscular irritability. 


Sie Muscular irritability ceased in 
Weight in | Dose in |470P°- | —* 
Feb.17. 28 1. | sexx | 16 hours 32 hours 79 hours 
17, 38 | 18hours | $5 hours | 30 hours 
|| 24hours | 35 hours | 75 hours 
33 hours 56 hours 74 hours 
ee; eg ao 31 hours 56 hours 94 hours 
| 23-4hours | 43 hours | 70 hours 
| age 
Brainless test frogs with heart cut through. 
Feb. 17 36 hours 49 hours 75 hours 
wat 89 hours 102 hours 126 hours 
99 38 58 hours 80 hours 122 hours 
» 22) Gl hours | 8lhours | 120 hoars 


61 hours 78 hours lll hours 


| 


Nicotine we see has a slight depressing action on muscular irrita- 
bility, and is more powerful in this respect than common salt, sulphate “ 
of atropia and bromide of conium; muscular contractility lasting 
nearly twice as long in the unpoisoned as in the poisoned frogs. In 
another series of experiments we employed a much larger dose of — 
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nicotine, and certainly increased the paralysing effect on muscular 
irritability, but only in a slight degree, as can be seen on —s 
to Table VIII. 


Table VIII. The action of nicotine on muscular irritability. 


Muscular irritability ceased in 
opor- A 
Grains. | dose. lower leg 


52 hours 
45 hours 


32 hours 
21 hours 


15 hours 
hours 


35 
25 


15 hours 26°5 hours | 48:5 hours 


‘Draleles test frogs with heart cut through. 


Feb. 25 ~ 32 hours 74 hours 99 hours 
33 hours 56 hours ‘79 hours 


89 hours 


65 hours 


32-5 hours 


- Nicotine is therefore a muscle poison, and we shall get some idea 
of its action when we reflect that the dose we administered to the frogs 
is equal to about 105 minims to a man weighing 150 lbs. 

We made this series of experiments to test the feasibility of a 
theory, that medicines are poisons to all protoplasm; that some like 
potash appear to be equally poisonous to all forms of protoplasm, 
nerve-cells, nerve-fibres, muscle, &c.; that others, like arsenic, anti- 
mony and aconite, whilst powerfully poisonous to all protoplasm, are 
especially poisonous to some; that others again have only a compara- 
tively feebly poisonous action on some tissues and a very powerful 
one on other tissues—as for instance, nicotine, which cannot be con- 
sidered a powerful muscle poison, but is a very powerful poison for the 
spinal cord and for motor nerves; that in others again the poisonous 
action on some tissues is of the feeblest character, whilst their action is 
powerful on others—as for instance, atropia, conia, substances having 
a powerful poisonous action on many nervous structures, but are no 
more poisonous to muscle than common salt. | 

It may be said, that admitting that medicines have an affinity for 
all nitrogenous tissue (protoplasm), it must be incorrect to speak of 
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them as protoplasmic poisons, for some substances cause an increased 
evolution of nerve or muscle force, and others heighten the conductivity 
of the nerves, and that we must here suppose that the substance uniting 
with the nerve or muscle tissue forms a compound which more readily 
undergoes those chemical changes leading to the evolution of force. 
For instance, strychnia, by its action on the cord, leads on stimulation 
to the discharge of a greater amount of nervous impulses and over 
an extended area, and that we must conclude that strychnia forms a 
compound with the nervous structure more unstable, or more explosive 
than simple nerve-tissue, and hence on stimulation there results a 
greater discharge of impulses, and over an extended area of the cord. 
Digitalis again heightens either the conductivity of the vagi or the 
inhibitory apparatus in the heart, and also the excito-motory apparatus 
of the heart. Here, it may be said that the active principle of digitalis 
forms a compound with the nervous elements of the vagi, so that 
impressions are more readily conducted, or that it combines with the 
cells of the intra-cardiac inhibitory apparatus, so that a stimulus causes 
an increased evolution of nerve-force. The same explanation may 
be applied to the action of atropia on the excito-motory apparatus of 
the heart. 

We however suggest another view, which we have fully pro- 
pounded elsewhere, in respect of the action of strychnia on the spinal 
cord, | 
_ All the tissues are under the influence of a control called inhibi- 
tion, resistance, &c., by which their functional activity is regulated: 
_ if this is heightened, functional activity is depressed ; if it is weakened, 
functional activity is increased. Now we suggest that drugs which 
are spoken of as stimulants or excitants, are really paralysers of the 
structures that offer this resistance, or exert this inhibition, that in fact 
they combine with those structures which inhibit or resist, and weaken 
or destroy their controlling limiting action, and so lead to increased 
evolution of forces, or a more ready transmission of an impression. 

Some poisons have an affinity, and so a paralysing action on both 
the structures which inhibit and those through whose decomposition 
functional energy is developed, but most on the inbibitory structures; 
consequently they first paralyse inhibition, and so lead to an increased 
- expenditure of nervous energy, and so are stimulants, but later, and 
espécially after large doses, they paralyse also the structures from 
which spring nervous energy, and so paralyse. To take an example, we 
have endeavoured to show that strychnia increases the expenditure 
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of force in the cord by paralysing those structures which control the 

amount and limit the area of the cord affected; but strychnia has also 

a weak affinity for the elements which produce nervous energy in the 

cord, and hence after a large dose these elements also become paralysed, 

. >and hence we have first a stimulating action and next a paralytic. | 
Take another case: digitalis in small doses stimulates the inhibitory 

apparatus of the heart, but in large doses paralyses it. We assume 

that digitalis has a far greater affinity for those parts of the inhibitory — 


apparatus which control the conduction of impressions through the a 
vagi nerves, or the evolution of energy from the intra-cardiac inhibitory 
apparatus, and a weaker one for the nerve elements or the cell elements | 
which produce the inhibitory energy. Owing to its greater affinity for | 


those structures controlling the evolution of energy, digitalis at first 
“stimulates” the inhibitory apparatus, and so slows the heart, but 
a large dose is sufficient to paralyse the structures which supply 
the inhibitory energy and destroy inhibition, and then quicken the 
heart. 


4 
. 
q 


| 
. 
j 
4 
x 
ig 
nd 
pe 
4 
*. 


ON THE CHANGES IN SEROUS GLANDS DURING 


SECRETION. By J. N. LANGLEY, M.A, 
College, Cambridge. (Plates VII., VIIL) 


[From the Physiological Laboratory, Cambridge.] 


THE examination of the changes in gland-cells during activity is usually 
made by hardening glands before and after activity and comparing the 
stained sections. This method affords much information about certain 
changes in chemical constitution, such as an increase or decrease in the 
amount of mucin; moreover certain morphological changes, especially 
those affecting the nuclei, can often only be made out by the use of 
reagents. Nevertheless inferences drawn from knowledge so gained are 
open to grave suspicion when not supported by observations made on 
the living tissue. 

We have one case in which glandular tissue has been directly 
observed during life at rest and in activity, viz. the pancreas’, Here 
the observations have in the main confirmed the conclusions already 
deduced from the study of the hardened gland*. The variations in the 
granular zone occurred alike in both cases. : 

The following will, however, I think shew that the coincidence in 
the case of the pancreas is not a necessary one, and that with the 
salivary glands the examination of the living tissue makes a con- 
siderable modification in the views gathered from hardened specimens 
requisite. 

To obtain glands in the living condition for observation, I have 
either : 

Cut off the thin edge of a lobule with sharp scissors and at once 
mounted it: this is best adapted for thin or soft glands, such as the 
parotid of the rabbit. 

Or cut out a piece of the gland about the size of a pea, and made 
a thin section with a sharp razor or with a Valentin’s knife; this 
serves fairly well for more consistent glands. 


_1 Ktthne and Lea. Verhd. des Heidelb. natur-hist. Vereins. Bd. 1. 8, 8, 1876. 
* Heidenhain. Pfliiger’s Archiv. Bd. x. s. 557, 1875. 
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In either case it is best to mount without adding any fluid, and 
to examine the more central parts of the specimen; the ordinary 
indifferent fluids may however be used; of these salt solution is, as 
far as my experience goes, much worse than either the fresh saliva 
or the fresh aqueous humour of the animal experimented on. By 
sticking to the glass slide a ring of thin paper, and mounting the 
object in the centre of this, the cover-glass can rest all round on the 
paper, and hurtful pressure on the tissue be avoided. 

If the specimens so obtained preserve their normal appearance for 
a time sufficiently long for observation, the changes in the minute 
structure of the gland-cells can obviously be followed by taking pieces 
from glands in various stages of activity. Although it is unlikely that 
no change should take place in the cells thus treated, the normal 
appearance is, I think, almost exactly preserved, for the following 
reason, 

In the rabbit the parotid gland is divided into three main portions’, 
the connecting part between the upper and lower divisions has many 
lobules thin enough to be seen through. Either portion, after the 
vessels running to it have been tied and cut, can be pinned out on 
a piece of gutta-percha and the connecting part drawn away from the 
body. The thinner lobules of the connecting portion can then be 
viewed under the microscope with the blood freely circulating*. It is 
better to pin back the lower, rather than the upper division. The 
gland-cells can thus be watched in the living condition for many hours. 


: I have tried the method, used by Kiihne and Lea’ for the pancreas, of 

running continually sodium chloride solution at 38° C. over the tissue, but as 
yet with no very satisfactory results; the connective tissue between the lobules 
has a great tendency to swell up into a jelly, and so hinder a defined view of 
the gland-cells. This is, however, probably due to insufficient care for the 
proper preservation of the correct temperature. 


‘ hat the gland-cells in the pinned-out gland are practically un- 
injured results from the facts, that the blood continues to flow actively 
around them, and that injection of pilocarpin or stimulation of the 
sympathetic nerve in the neck causes a flow of saliva and an alteration 


1 Cp; Krause, Die Anat, des Kaninchens, 8, 151. 
2 I may mention for the sake of those working on vaso-motor nerves in muscle that 


- the blood circulation in the thin muscular layer of the platysma in the neck can be seen 


in a similar manner without difficulty. This and probably other thin muscles of the 
rabbit or rat would afford peculiar advantages for watching the vaso-dilator or vaso-con- 
strictor effects of nerves distributed to muscle. : 

3 Op. cit. 


| 
“3 
od 
¥ 
2 
{ 
¢ 
- 
ig 
2 
3 
MA 
| ‘We 
| 
has 


CHANGES IN SEROUS GLANDS DURING SECRETI ON. 263 


in the appearance of the glands. The effect of stimulating the sympa- 
thetic nerve on the circulation is most striking, the arteries contract 
and the blood-flow in the capillaries all but stops. 

The gland-cells viewed in this way shew all the characters in rest 
and activity which they shew in -freshly-made mounted specimens in 
corresponding states. 

Mounted specimens then from we fresh parotid gland do give 
unaltered the living gland appearances*. There is, I think, no reason 
to believe that the sub-maxillary, infra-orbital, or lachrymal glands 
behave differently. 


The Parotid Gland of the Rabbit. 


- The alveoli of the parotid of a hungry rabbit taken 
fresh from the animal and at once examined, are granular 
throughout (Pl. VII. Fig. 1); there is no division into an outer clear 
and an inner granular zone; the cells of the alveoli can be made 
out with more or less distinctness as clear lines running between the 
granules. These clear spaces are less distinct in the gland with circu- 
lation than in the mounted specimen; the outlines never appear as 
dark lines as they do in hardened glands, The granular state of the 
fresh gland has been noticed by Pfliiger”® and other observers. 

But if the gland be thrown for some time into a state of 
activity either by stimulating the sympathetic in the neck, 
or by injecting pilocarpin, or by feeding, the alveoli alter 
their appearance, and instead of being granular throughout 
become clear at their outer portion near the basement mem- 
brane, and thus shew an inner granular and an outer clear, 
non-granular, zone. That is, during secretion the granules 
normally contained by the cells, are in some way or other used 
up, probably to form part of the saliva secreted. 

The relative effects of stimulating the cerebral and cise 
nerves I have not yet satisfactorily made out, though it has seemed to 
me that the sympathetic has the more rapid influence. 

The longer the gland is stimulated the more obvious the outer clear 
zone becomes, so that at length some alveoli may shew scarcely any 


1 The chief results of this paper were obtained in April of this year from mounted . 
specimens of fresh tissues. I delayed the publication however, because of some doubt as 
to the amount of change from the normal state caused by the method. 

* Strioker’s Histology. Translated by Dr Power.. Vol. 1. p. 425, 
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is very scanty. During the secretion the outlines of the cells become 
more evident, especially towards the lumen; the outlines then more- 
over being usually marked by lines of granules; the lumina become 
obvious and stretch out a short distance between the cells: the cells 
are thus slightly separated at their inner borders, As the granules 
disappear from a cell the rest of the granules do not form a small 


collection at the part bordering the lumen, but form rather lines at 


the margin and sides near the lumen (cp. Figs, 2,3 and 4). The cells 
too, as has been pointed out by Heidenhain'‘, become smaller. 

The changes in the gland in an adult rabbit can be readily seen 
during digestion; they are perceptible an hour or two after feeding, 
and persist for some time; indeed it is probable that an adult rabbit, 
kept supplied with ample food, always shews a beginning clear zone ; 
so that the throughout-granular condition belongs only to the fasting 
animal, 

Apparently after one to two days’ hunger, the granular substance, which 
has been stored in the alveolar-cells, begins to be used up, so that, from that 


digesting 
appearance. 


Scciasdan mounted in. an indifferent fluid rapidly lose their normal 


appearance; water is imbibed, the background of the cells becomes 


brighter, and many granules somewhat larger and more distinct; in 
addition to this, some granules appear to be diesarved and fresh ones 
to be formed. 

About ten to twenty minutes after mounting in any fluid the resting 
and active gland become much more alike ; in the former the outer border 
becomes clearer, in the latter it becomes more granular; if mounted 
without addition of fluid, the differences in the gland in its two states 
are preserved for a considerable time. I have attempted to reproduce 
the appearance offered by the gland as the cells become acted on by the 
fluid. Fig. 5 (Pl. VII.) is from a resting gland ten minutes after being 
mounted in saliva, Fig. 6 from a resting gland twenty minutes after being 
mounted in saliva, The clear border appearing at a certain stage of 
the action of the fluid on the alveoli is totally different in appear- 
ance from the “non-granular” zone appearing in the alveoli on stimu- 
lation. The nuclei become visible only after the fluid has acted.on. 
them for some time. The distinction of granular and non-granular 


Pfliger’s Archiv. Bd. xvu. s. 1, 1878. 
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zones disappears or becomes very obscure on the addition of either 
‘ alcohol, chromic acid, picric acid, or osmic acid. — 

_ I have said that the living appearance of the active parotid is. 
not preserved by osmic acid, In the osmic treated specimen the 
distinction of clear and granular zones no longer exists. Both zones 
then differ in their behaviour from the corresponding zones in the 

pancreas, _ 

_ The resting and active glands do however shew differences when 
treated with osmic acid. Looked at with a Zeiss obj. D, oc. 2, the 
alveolar-cells of a resting gland are thickly granular, the substance 
between the granules is lighter, less stained; the cells have thus an 
uneven look; the nucleus is rather more darkly stained and placed 
in the outer part of the cell; it does not differ from the cell-substance 
to sich an extent as to make it a prominent object. With a higher 
power, as Zeiss obj. F, the alyeolar-cells appear to have a close network 
_ running throughout them. 

In an early stage of secretion the granules become sharper, each is 
separately more obvious; later, the substance between the granules 
stains more deeply ; and thus the cells become much more homogeneous 
in appearance. At the same time such nuclei as were irregular or com- 
pressed become spherical, and move somewhat to the centre of the cell. 

After prolonged activity from pilocarpin injection, or sympathetic 
_ stimulation, the alveolar-cells are evenly stained throughout, the nucleus 
is scarcely visible. We shall see that a similar final change during 
activity occurs in the sub-maxillary, infra-orbital and lachrymal glands. 

' Heidenhain’ has described somewhat similar changes as visible in 
the gland, when treated with osmic acid, after prolonged stimulation of 
the sympathetic nerve. He describes the alteration of the nuclei men- 
tioned above, and says that the substance of the cells appears clearer 
and less granular. He did not observe a like effect in the gland after 
the copious secretion produced by pilocarpin. 


The ductules are usually scarcely at all stained: they vary however not 
inconsiderably. The ducts are usually of about the same tint as the alveolar- 
cells in resting glands ; of a lighter tint than the alveolar-cells in the active 
gland. 


When osmic acid is added to the fresh tissue, certain granules at the 
outer border of the ceil stain more readily and deeply than any other cell 
constituent ; these “border” granules come out sharply and distinctly, whilst 
the granules of the inner zone, the “ central granules,” are no longer visible. 


1 Op, cit. 8, 46, 
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Glands, especially in activity, not unfrequently shew very plainly with 
osmic acid the supporting cells of the alveoli, the ‘ basket-cells ;” these are 
then stained rather more deeply than the alveolar-cells. Forther it happens 


- sometimes that the clear and granular zones are to some extent shewn after 
cosmic treatment. The effects of varying the time of sees of the tissue in 


osmic acid and alcohol I hope later to determine. 
The changes which take place in activity, as indlanid from carmine- 


stained sections of glands hardened in alcohol, have been described by 


Heidenhain*. He found, on stimulation of the sympathetic nerve, 
that the cells became more granular. This ‘is the opposite of what 
occurs in the living gland. Hence then, when the living cell contains 
many granules, it has only a small amount of substance which is pre- 
cipitated by alcohol in a granular form, and further, when the living 
cell contains few granules, it has a larger amount of substance which 
is similarly precipitated by alcohol. Whether the amount of normal 
granules and of substance so precipitated by alcohol is necessarily in 
inverse ratio remains to be seen; the formation of the two substances 
may run an independent course. 


It is possible that the substance in the cells which stains the more readily 


_ with osmic acid is largely the same substance which is precipitated by alco- 
_ hol, The former increases during secretion, as does the latter. Judging from 


Heidenhain’s Fig. II.” after long activity the central part of the cell round 
the nucleus first begins to stain with carmine ; this must mark the increase 
of still another chemical body. 

Heidenhain*® was unable to find any change in the parotid of 
the rabbit on stimulating the gland by the cerebral nerve or by 
pilocarpin. | 

By observing the gland in its fresh state it can be readily seen that 
pilocarpin does produce a morphological change ; as far as I have seen, 
the change is the same in character as that — by sympathetic 
stimulation. . 


The Parotid. Gland of the Rat, ‘Cat and Dog. 


: The parotid gland in the cat and rat in the resting condition 
resembles the parotid gland in the rabbit. In both too, after continued 
secretion from pilocarpin injection, a clear outer zone makes its ap- 
pearance; in both I have seen a similar change after a peenreons = 
— less in extent than in the rabbit. 


~ 1 Pfliiger’s Archiv. Bd, xvi. s. 46, 1878, 
Op. cit. Op. eit. 8. 45, 
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In a former ‘paper’ I have described a method by which in the cat the 
chorda tympani nerve can be paralysed by atropin and de-paralysed by pilo- 
carpin an almost unlimited number of times, The method consists in injecting 
atropin into the blood, and warm pilocarpin into the duct of the gland; each 
injection of pilocarpin causes a certain amount of saliva to be secreted. the 
secretion ceasing as the atropin once more gets the upper hand. Making an 
experiment in this manner with the parotid gland of the cat, I found that 
a sufficient amount of secretion could be obtained, by successively antagonizing 
the action of atropin with pilocarpin, to bring out the clear zone in the gland- 
cells, The rest of the salivary glands offered no trace of saliva, the pilocarpin 
making its way into the blood not being sufficient in amount to over- 
come the atropin. 


With the dog I have as yet made but one experiment; it deserves 
to be mentioned for the remarkable effect produced by stimulating the 
sympathetic nerve. Most observers have failed to obtain any saliva 
from the parotid by stimulating the sympathetic nerve in the neck. 
Heidenhain® says that he has only once or twice obtained a scanty 
drop or two. No analysis of such saliva I believe exists. It is well 
known that Heidenhain, though failing to obtain a secretion, did 
obtain a marked change in the microscopical appearance of the gland, 
from sympathetic nerve stimulation. I was then anxious to observe, 
whether the clear zone could be produced in the glands, without any 
_ flow of saliva, by sympathetic nerve stimulation. aoe 

The dog was narcotized with morphia. A cannula was placed in Stenon’s 
duct ; the sympathetic in the neck was isolated just below the superior cervical 
ganglion, ligatured and cut. Stimulation of the peripheral end caused strong 
dilatation of the pupil. The vagus was cut close to its ganglion to avoid as 
much as possible stimulation of vagus fibres, 

The cannula was placed in the duct an hour before beginning to stimulate 


the sympathetic ; during part of this time the nerve was being dissected, but 
there was no flow of saliva. | 


In this animal, however, stimulation of the sympathetic caused a 
secretion of saliva from the parotid, slow indeed, but sufficiently dis- 
tinct. The stimulation was continued for nearly three hours, about 
each third minute. In this time 1°3 cc. of saliva’ were obtained, 
the first few drops of which were thrown away, the rest collected. The 
saliva was of the most remarkable nature: it formed a thick jelly-like 
mass; if allowed to collect at all in the cannula, it could be drawn out 
as a continuous clot. During the experiment accordingly, the duct was 
frequently emptied by pressure to prevent it being stopped up. After — 
having obtained sufficient saliva for analysis, a little pilocarpin was 


1 Journal of Physiology, Vol. 1. p. 356, 1878. * Op. cit. 8. 28. 
PH. II. 21 
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ae into the duct, this caused a fairly rapid flow of saliva; it was 
however still thick, and possessed the power of forming a clot, The 
02 «cc. first obtained was thrown away, then some collected al 
analysis, 

The microscopic examination of the fresh gland shewed a saw ih 
clear outer zone after the sympathetic stimulation, which became rather 
more marked after the pilocarpin injection. The clear outer zone was 
small; but I have no doubt, that if a larger amount of saliva were. 
obtained from the gland, the appearances would be as neared 
as in the rabbit, rat or cat, 

The specimens of saliva were kindly analysed for me “ Mr Waters 
of Christ’ The results were as follows : 


— 


Percentage of Total 
| of | 
substances. ; solids, 


thetic stimulation is exceedingly marked. The fact that the pilocarpin 


| 

4 


Saliva from stimulating the sym- 780287 


pathetic nerve 0°67468 847755 


Saliva from pilocarpin after 
prolonged stim. of symp, 


2:4406 0-6329 3-0735 


Although I am inclined to think that the saliva, obtained by stimu- 
lating the sympathetic nerve, was secreted under the action of that 
nerve alone; yet the conditions of the experiment leave another pos- 
sibility open. Since Jacobson’s nerve was not cut, the stimulation of 
the sympathetic may have caused that nerve to be reflexly stimulated 
to just such an extent as to. cause a flow of fluid. I propose making 
more exact experiments to determine this. Meanwhile I may point 
out that the highest percentage of solids given by Heidenhain for 
saliva resulting from combined stimulation of the sympathetic and 
Jacobson’s nerve is 2°82 per cent. (op. cit. p. 30), the percentage in 
the case we ate discussing corresponds however very closely with that 
given by Heidenhain for the sympathetic parotid saliva of the 
rabbit, viz. 8°3 per cent. — 

The “after-action” mentioned by Heidenhain as following sympa- 


saliva could form a clot, indicates an immense influence of the previous 
sympathetic stimulation on its organic constituents; the analysis gave 
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307 per cent.-of solids; under ordinary circumstances the percentage 
of solids is less than 1, 

. Further, notwithstanding the much ene rapidity of flow of the 
pilocarpin saliva, the percentage of salts was somewhat smaller, falling 
from 0°67 to 0°63. This is but one instance of several, in which I have 
found the percentage of salts not to increase with the rapidity of secre- 
tion. That it frequently does, I quite agree with Heidenhain, but 
differ from him in finding it not necessarily do so. It seems probable 


that the percentage of salts in part is dependent upon the re 
of organic substances. 


The Sub-maxillary Gland of the Rabbit. 


Both in hunger and digestion, the appearance of this gland in the 
- fresh state is less constant than in the parotid. It would appear that 
its times of activity and rest are more independent of the in-taking of 
food. Thus in some adult rabbits, I have found in digestion but little 
sign of an outer clear zone in the alveolar-cells; and on the other 
hand, in some young rabbits I have found a distinct outer clear zone 
in hunger. Whether the age of the animal is a factor in causing 
this variation I cannot yet say. Nevertheless, as the result of many 
observations, I feel confident that the number of granules in the 
alveolar-cells diminishes during activity just as it does in the parotid. 
When the cells at the beginning of an experiment were granular 
throughout, a thinly granular periphery, or a non-granular outer 
zone, made its appearance, after continued secretion from pilocarpin 
injection, or sympathetic nerve stimulation; when the cells at the 
beginning of an experiment had an outer clear zone, the clear zone 
became larger. (Pl. VIII. Fig. 1.) The alveolar-cell granules are less 
highly refractive and somewhat smaller than those of the parotid. 


The sub-maxillary gland presents peculiar difficulties for an observation 
of this kind; a cannula cannot be put in the duct without to some extent 
exposing the gland : and on exposure, the gland rapidly becomes cedematous, 
Thus the amount of saliva secreted cannot be ascertained with any accuracy. 
Moreover, the gland has not lobules thin enough for mney observation, 
and it is too soft to cut sections with a razor. 


Comparing the amount of change in the 
the parotid glands on apparently similar stimulation, it would seem 
that in the former the process of re-formation goes much more hand 
in hand with the breaking down than in the latter. _- 
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The sub-maxillary has however one very characteristic 
point, the transition-, and at any rate some of the ductule- 
cells are crowded with granules much larger than those of 
the alveolar-cells (Pl. VIIL Fig. 1). The transition- and ductule-cells 
are thus a very striking feature of the fresh specimen: they appear 
as conspicuous branching bands or masses of comparatively large re- 
fractive granules, amongst the more transparent finely granular alveolar- 
cells, No such granules are present in the ducts. 

The outlines of the separate cells cannot be made out ices so far as mate 
are indicated by the granules, consequently it is extremely difficult to be 
certain of any diminution of granules which may take place during secretion ; 
after pilocarpin injection or sympathetic stimulation, however, the bands 
appear to me thinner and the patches smaller. Similarly the Jack of visible 
cell outline has prevented me from determining whether the ductules at their 
point of origin from the ducts are coarsely granular. I am inclined to think 
that they only become so as they approach the transition-cells, 

It will be remembered that Nussbaum’ found the transition- 
cells to stain with osmic acid a es black, compared with the 
alveolar-cells, 

This he found, after two hours treatment with osmic acid, 1 per 
cent. I imagine-that he must have hardened the osmic-treated gland 
in alcohol before making sections, since osmic acid alone only stains 
the transition-cells a yellowish-brown. | 

With regard to this point the following details may be given. A 
piece of the gland is taken from a freshly-killed one-day-hungry rabbit, 
and placed in osmic acid 1 per cent. for two hours. Sections are then 
made at once, without the gland having been placed in alcohol, and 
mounted in dilute glycerine or in osmic acid. In ‘uch preparations 
the staining is yellowish-brown, no parts are stained very deeply; 
there are none which can be described as staining black. The differ- 
ence of tint is not very great, but the ducts strike one at once as 
the darker parts; the ductules and transition-cells are not conspicuous, 
they differ from the alveolar-cells in being stained evenly throughout, 
whereas the latter are finely dotted ; amongst these fine dots there is seen — 
towards the periphery an evenly stained usually irregular nucleus, lightly 
stained. The nuclei of the transition-cells are stained to much the same 
extent as the cell-substance, and are thus with difficulty, or not at all, seen. 

If sections are made after twenty-four hours treatment with osmic 


acid, instead of after two, the appearances presented ure very similar ; 


the ducts are still the most deeply stained parts. The tint may have 
1 Arch. f. Mik. Anat., Bd. xm. 8, 721, 1877. 
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changed from a yellowish-brown to a brownish-yellow : still however the 
ductule- and transition-cells are not striking to the eye, and not stained 
much more deeply than the alveolar-cells, 

If the osmic acid be renewed and, later on, sections cut, it is seen 
that only after several days do the transition-cells attain a colour to 
which Nussbaum’s description can be fairly applied. 

This is when osmic acid alone is used : but if, after two hours treat- 
ment with osmic acid, the gland is washed with dilute spirit or water 
and placed in alcohol about 75 per cent. for twenty-four hours and then 
sections cut, the appearances are markedly different; scattered about, are 
dark, deeply stained patches which at once catch the eye (Pl. VIII. 
Fig. 2); these are the transition-cells and ductules; there is now a 
much greater equality of staining between these and the ducts; the 
transition-cells may be somewhat lighter than the ducts and the ductules 
somewhat lighter than either, all being much darker than the alveolar- 
cells. The nuclei of the alveolar-cells are much more conspicuous, 

_ If the gland be placed in absolute alcohol after osmic treatment, 
instead of in 75 per cent. a'cohol, the appearance is similar, but takes 
longer to develop. 

It is then the alcohol treatment after osmic. acid, which brings out 
clearly the difference of the staining power of the alveolar counyered 
with the remaining gland-cells. 

In a previous paper’ I contested the justice of Nussbaum’s conclusion 
that ferment is formed in, and only in, transition-cells. I there pointed out 
that after two hours osmic acid the ducts stain darkest, and the ductules 
equally with the transition-cells ; consequently there is no reason for limiting 
the ferment to the transition-cells if we are to judge of the presence of ferment 
by the depth of staining with osmic acid. Nussbaum in his earlier paper* 
describes the ducts as being stained brown, and the transition-cells deep black 
(tiefschwarz); in his later paper® he says that in ferment-holding glands the 
trapsition-cells are always more deéply stained than the ducts. In neither 
does he mention the colouration of the ductules. In glands treated with 
alcohol after osmic acid it is true that the transition-cells may be slightly 
darker than the ducts, but this is not the case if the alcohol treatment is 
omitted. The striation of the outer portion of the duct-cells gives a different 
character to the staining here and in the transition-cells. The staining of 


the ductule-cells is however quite comparable to the staining of the tran- 
_ gition-cells; the tint is in all cases similar, whether yellow-brown, brown or 


1 Journal of Physiology, Vol. 1. p. 69, 1878. At that time I could not obtain any 
appreciable amount of ferment from the sub-maxillary gland of the rabbit; since I have 
made no further experiments in that direction, I treat the subject here purely from a 
histological standpoint. 

2 Arch. f. Mik, Anat., Bd. xm. s. 721, 1877. 

3 Arch. f. Mik. Anat., Bd. xv1. s. 543, 1879, 
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on that account alone in most sections look darker. Even however granting 


‘that the transition-cells owe their colour to ferment, and at the same time 


‘staining next readily is contained in the transition-cells and ductules. 


-with alcohol after osmic acid, the substance in the transition-cells and 


black, according to. different niodes of treatment ;' the cells are, in both, equally 
stained throughout. The depth of staining may be somewhat less in. the 
ductules than in the transition-cells, frequently however it is not; it must be 
remembered that the transition-cells are Jarger than the ductule-cells, and 


that the ductule-cells are less darkly stained than the transition-cells, still 
there is sufficient similarity between them, and a sufficient difference of both 
from the alveolar-cells, to make it impossible on simple colouration, to say 


deny the presence of ferment in the ductules. 


In the sub-maxillary gland, then, the substance’ whisk, stains dock 
most readily with osmic acid is contained in the ducts, the substance 


The nuclei of the alveolar-cells stain much the same as the substance 
of the transition-cells,. 


joined thie that if the glands be treated 


ductules becomes of about the same tint as that in the ducts—sometimes 
rather darker, sometimes rather ee 


I have said, in an earlier paper’, that if the gland be treated with 
absolute alcohol before osmic acid, the deep staining is absent from every 
part of the gland, the transition-cells included; and that consequently 
it is ‘very improbable that the staining substance could be, in any 
case, ferment. Nussbaum’ obtains a different result. As however I 
always obtain the transition-cells of only a. light yellow colour, when 
absolute alcohol is used before osmic acid, I can but repeat my original 
statement, and leave the matter to other observers to decide. 


In order to ensure that the osmic acid penetrates the tissue, I usually put in 
the acid, sections from the absolute alcohol hardened glands, first letting them 
soak in a little osmic acid for a few minutes to remove the alcohol. I have not 
seen any black stained transition-cells either in resting or in active glands, 
whether the sections are allowed to stay two or twenty-four hours in the 
reagent. The ducts, ductules and transition-cells are all lightly stained. If 
the sections are placed in glycerine for one to three days before being placed 
in osmic acid, the appearances are scarcely at all different, That is, the cells 
from which the ferment has presumably been removed by glycerine, are stained 
scarcely appreciably different from those in which the ferment, since it is 
insoluble in alcohol, still remains. I have said that the deep black staining 
of the transition-cells with osmic acid appears only on subsequent alcohol 
treatment ; similar treatment of the osmic-stained sections of the alcohol- 
hardened gland has not a like effect. The power of staining markedly or 
than the alveolar-cells is removed by the absolute alcohol. 

Nussbaum®* suggests that the transition-cells which I describe are 


1 Probably in each case the colouration is produced by more than one substance, 
2 Op. cit.p. 70, Arch. f. Mik. Anat., Bd, 8, 548, 1879, 
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different from the darkly-stained cells described by him; a comparison of 
the figure | of his first communication with mine’, and of the figure 1 of his 
second communication* with my fig. 2, Plate VILL, adjoined to this Paper 
will, I think, shew that we are dealing with the same cells. 

Treatment of the resting and active glands with osmic acid, and 
subsequently with alcohol, brings out certain points of difference be- 
tween them. The only ones which I have constantly observed affect the 
alveolar-cells. Tn hunger the alveolar-cells shew, scattered about, small 
granules on a lighter background; in the early digestive stages these 
granules become uch sharper and more distinct, imparting a charac- 
teristic look to the gland. After prolonged activity, as that resulting 
from injection of pilocarpin and sympathetic nerve stimulation, the cells 
‘approximate much more in appearance to the transition-cells; they . 
stain more evenly throughout, the nucleus becomes less obvious. Small 
granules are still to be seen, but they do not strike the eye, owing to 
the rest of the cell-substance now staining more with osmic acid. 

Not infrequently the alcohol brings out in the alveolar-cells a network, — 
the granules as such being no longer visible. A similar network is almost 
always seen when osmic acid is used after, instead of before, alcohol. When 
osmic acid is added to a fresh specimen, certain granules at the periphery 
of the alveolar-cells are seen to stain much more readily than any other part 
of the cell-substance. In sections after alcohol treatment they are not con- 
spicuous. 

The transition-cells, and to a less extent the ductules, not infrequently 
contain some granules of varying but large size, moderately stained ; roughly 
speaking, the more plentiful they are, the less the cells containing them stain, 

Bermann® has described the sub- maxillary gland of the rabbit as 
containing a tubular gland enclosed in its acinous gland substance. 
His description in the main I can confirm; sections of the gland made 
near the entry of Wharton's duct Sealy shew a lobule or portion of 
a lobule, consisting of branching tubes instead of the ordinary alveoli 
or ordinary ducts, Most of the tubes have an epithelium cubical or 
flattened, and lumina three to five times the diameter of the epithelium- 
cells, Some of the branches from the tubes are, however, without obvious — 
lumen, still being lined with cells of about the same size as the large- 
lumened tubes ; the diameter of these branches consequently is much 
less. 


Bermann* takes objection to my statements that the sympathetic elie 
in the cat is normally less viscid than the chorda saliva of the same animal, 


1 Op. cit. 
2 Arch, f. Mik. Anat,, Bd. xv. 8, 119, 1878. 


3 Ueber die der Glandula Submazillaris, Wilraburg, 1878, 
4 Op. cit. . 81, 
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and that the chorda saliva of the cat is normally less viscid than the sympa- 
thetic saliva of the dog. He considers the glands in the two animals to 
behave in quite a similar manner. The only experiment he adduces is the 
sub-cutaneous injection of morphia in the cat ; he obtains then a saliva which 
is very viscid, It is, he says, just as viscid as the saliva which I obtain from 
the dog by sympathetic stimulation. That is, he judges of viscidity of the 
dog’s saliva by my description of it. But my description was purely com- 
parative: it stated that the chorda saliva of the cat could not be drawn out 
into a long thread as could the sympathetic saliva of the dog. Both draw — 
out into a thread inasmuch as both are viscid, the term ‘“‘long” is entirely — 
relative. Further, the saliva that Bermann obtains from the cat is appa- 
rently collected from the mouth and not from the duct of the sub-maxillary — 
gland, for (op. cit. p. 17) he says that such experiments required instruments 
and assistance out of his reach. It seems almost superfluous to say that the 
points in question can only be decided by direct experiment. 

Similarly his objection that my experiments were made on narcotized 
animals has no great force until different results are obtained on animals not 


narcotized, 


The Infra-orbital Gland of the Rabbit. 


In the secreting stage this gland shews the outer clear zone and the 
inner granular zone with remarkable distinctness. The alveoli are 
large and the granules distinct. There is moreover no difficulty in 
obtaining pieces thin enough for observation. 

__ In the parotid we have seen that the secretory condition is seedy 
dependent upon the in-taking of food; this is much less the case with 
the infra-orbital gland. In the hungry animal the gland has, sometimes, 
alveoli granular throughout, but not rite stand there is a more or less 
distinct clear zone. 

_ But whatever the condition of the alveoli, the granular zone is 
diminished, and the clear zone increased, by inducing a secretion with 
pilocarpin. 

Stimulation of the sympathetic nerve aint produces a similar mara 
but I cannot yet speak with certainty on this point. 

In the resting gland the alveoli are throughout unevenly stained 
(Fig. 5, Pl. VIII.). The nucleus is irregular, and lies in the peripheral 
- portion of the cell. When looked at with a high power the network 
appears light and the spaces dark, as if the network were the substance 
between the granules which are seen with a lower power ; ordinarily the 
granules seen under a low power are described as being the nodal points 
of the network seen with a high power. At present, however, I am not 
prepared to discuss either this point or that of the relations of the — 
granules normally seen with those visible after reagents, 
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During activity, the outer portion of each alveolus begins to stain 
evenly (Fig. 4), at first without much alteration in the nuclei or in 
the inner portions of the cells. Later, the nuclei become larger, spheri- 
cal, and travel towards the centres of the cells; they are then much 
less distinct; as the outer zone encroaches on the inner zone, the net- 


work look of the latter becomes less and less apparent, so that it may . 


be represented only as a few scattered dots (Fig. 3). At the same 
time the lumen becomes more obvious and stretches out ‘somewhat 
between the cells. 


The bulging of the cells at the outer border appears to me to depend 
largely on the method of treatment. I have observed no constant difference 
in rest and activity. 


The epithelium of the ducts is usually cubical, that of the ductules elon- 
gated ; neither stain so deeply as the corresponding structures in the sub-— 


maxillary gland ; the tint, too, varies considerably in different specimens, In 
many cases both ducts and ductules _ a smull inner, more darkly-stained 


granular margin. 

As the cells die, the granules become much more highly refractive, 
patches of very distinct granules thus often appearing; the addition 
of salt solution rapidly causes the clear zone to become thickly 
granular. Water apparently dissolves most of the granules, bringing 
_ however others into view. 

In the parotid and sub-maxillary ad we have seen that the two 
zones are ordinarily not preserved by osmic acid: in the infra-orbital 
gland they are. The distinction of the two zones is most marked when 
the gland, after two to twenty-four hours treatment with osmic acid 
one per cent., is placed in alcohol, about 75 per cent. for a day. The 
clear zone is then evenly stained throughout; the granular zone is un- 
evenly stained; with a Zeiss D the unevenness appears to be due to 
granules on a less stained ground-substance; with a Zeiss F to be due 
to a light network with darker interspaces. 


The gland treated with osmic acid only shews alveoli of a yellow-brown 

tint, the tint being fairly equal throughout, the zones not strikingly ap- 

If, before making sections, the gland has been placed in absolute 

alcohol for twenty-four hours, the zones are more obvious, but are not so 

distinct as when 75 per cent. alcohol is similarly used. In the latter case 
too the colouration is blacker. 


The Lachrymal Gland of the Rabbit. 


This corresponds with the infra-orbital gland in all the points 
mentioned above. The alveoli are somewhat smaller, but apart from 
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LANGLEY. 
this it is not easy to tell either the fresh or the osmic specimens, from 
similar ones of the infra-orbital. In the same animal the lachrymal 


and infra-orbital glands are not usually in the same stage of activity, 
one or the other shewing a larger clear zone. | 


Note on Mucous Glands. | 


From the ease with which a large amount of saliva can be obtained 
from several mucous glands, as for instance from the sub-maxillary of 
the cat or dog, by chorda stimulation, one might think that the changes 


_ taking place in them during activity would be more readily observed 


than in the serous glands, The mucous glands, however, neither in 
rest nor activity, shew distinct granules as do the serous glands. It 
is, too, more difficult to obtain perfectly normal specimens for obser- 
vation, 

The alveoli of a resting mucous gland shew no cell outlines ; they 
are formed of a mass looking like ground glass, the demilunes distow 
less rough-looking than the mucous-cell part of the alveoli. Soon after 
mounting or at once if fluid is added, the ground-glass appearance gives — 
way toa granular one. Granules are present throughout, but those 
in the mucous-cells are the larger and more prominent. Probably these 
granules are present in the perfectly fresh living cell, but have very 
nearly the same refractive index as the surrounding cell-substance, and 
so are not visible until some shrinking or swelling takes place. In 
view of this probability, I shall for convenience of expression call the 
fresh demilune finely, the fresh mucous-cell coarsely granular. | 
_ Many alveoli in the fresh state shew a finely granular rim, Liieier 
out at this or that place; the bulgings are the demilunes; the rest of 
the rim is formed by the protoplasmic peripheral parts of the mucous- 
cells containing the cell nuclei. As the chorda tympani nerve is stimu- 
lated, the number of alveoli which shew the finely granular rim in- 
creases, the rim at the same time becomes broader, so that, for instance, 
when twelve cubic centimeters of saliva have been obtained from a cat’s 
sub-maxillary gland, nearly all alveoli have a broad outer rim, many 
with only a small coarsely. granular inner portion. 

Assuming then that the central rough ground-glass appearance is 
caused by the granules which become obvious soon after mounting 
being but indistinctly seen, we find that during secretion in the mucous- 
cells, as in the cells of a serous gland, granules disappear during secre- 
tion, and disappear first from the peripheral part of the cells. 
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As the granules become more distinct in the mounted specimen, they 
-begin to pour from the cells into the ductules and out by the ducts into 
the surrounding fluid. The action of reagents upon the granules so 
poured out can be very readily watched. Thus, if a fresh piece of the 
sub-maxillary gland of a cat be irrigated with osmic acid 0°5 per cent. 
or 1 per cent., three kinds of granules can be easily distinguished. Some 
swell up, lose their distinctness of outline, and then disappear; others 
lose their distinctness of outline but do not disappear; a mass of these 
together when acted upon by osmic acid cease to look like a collection 
of granules and become an uneven fairly transparent clump; lastly, 
others become more refracting and come out sharply as dark dots, — 


In the fresh specimen there is a great tendency, expecially in the stimu- 
lated gland, to the formation of clear vesicles, often no long time after 
mounting; by the increase of these vesicles the alveoli are changed to 
honey-combed masses, In serous glands also this sometimes sa though 
it is in these less common. 


I may mention that in the sub-maxillary gland of the cat there are 
usually, if not always, globules of varying size staining readily and 
deeply with osmic acid. These occur in the alveolar-cells, but are more 
plentiful 1 in groups in the ducts composed of striated epithelium. 


The chief results of the above observations are as follows : 


The Parotid Gland of the Rabbit. The alveoli of the gland can 
be observed in the living state without serious interference with the 
blood circulation. When the gland has been quiescent for several 
hours, the alveolar-cells are granular throughout, and the outlines of 
the cells are only faintly marked as clear lines without granules. When 
the gland secretes, the granules disappear from the outer borders of the 
alveolar-cells, that is, from that portion of the cells nearest the base- 
ment membrane. After prolonged secretion, very few granules are 
left in the cells; those that do remain in any cell form a thin layer 
at its inner portion, that is, at the portion bounding the lumen, and — 
stretch outwards, also as a thin layer, along the cell-sides a variable 
distance from the lumen. 

In an alveolus during secretion the cells separate from one another 
slightly near the lumen, thus the lumen stretches out for a short dis- 
tance between the cells; it becomes at the same time larger, by the 
diminution which takes place in the size of the cells. 

The above-described changes occur whether the secretion is in- — 
duced by giving food to the animal, or by giving it pilocarpin, or by 
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stimulating the sympathetic nerve running to the gland. The two 
zones of the fresh state are not preserved by alcohol and other re- 
agents, 

Osmic acid: shews some considerable differences between the 

resting and the active gland, the chief amongst which is the more 
equal staining of the substance of each = in the active 
state, 

The Parotid Gland in the Rat, Cat and Dog behaves in rest and 
activity like the parotid of the rabbit in a corresponding condition. 
The living condition in these cases, however, has not been observed 
in the glands with intact blood-circulation. 

In one case where the sympathetic nerve of a dog was. aiinauteted, 
a saliva was obtained from the parotid of unusual character. The 
saliva clotted readily and contained 83 per cent. of solids, of which 
78 per cent. were organic substances. Jacobson’s nerve was uncut. 
The much more rapidly flowing saliva following subsequent injection 
of pilocarpin had a slightly lower percentage of salts than the slowly 
secreted sympathetic saliva. In several other cases I have seen 
a diminution in percentage of salts, notwithstanding an increased rate | 
of secretion of fluid. 

The Sub-mamillary Gland of the Rabbit undergoes changes in activity, 
similar in the main to those which occur in the parotid. The changes 
are however less marked; the granular condition of the gland has 
a less direct relation to the state of hunger of the animal. 

The sub-maxillary gland has one very characteristic feature, the 
transition- and some of the. ductule-cells contain in life granules much 
more distinct and larger than those contained in the alveolar-cells, 
How far these disappear during secretion is uncertain. 

As in the parotid so in the sub-maxillary, réagents do not preserve 
the normal appearances. The secreting gland, however, treated with 
osmic acid shows alveolar-cells much more evenly stained —— 
than does the resting gland. 

The deep black staining of the transition-cells with osmic acid, 
described by Nussbaum, does not take place if the gland be treated 
with osmic acid only; the deep colouration is the result of a subsequent 
treatment with alcohol. With osmic acid alone, the ducts stain darker 
than any other part of the gland. 

I must uphold my previous objection to Nussbaum’s view, that 
ferment is formed in the transition-cells and not elsewhere. Briefly | 
my objections were, that the ductule-cells in their method and depth of | 
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colouring behave like the transition-cells, and that the black colour- 


ation of the transition-cells with osmic acid does not occur if the gland 
is previously treated with absolute alcohol, in which the ferment is said 


by Nussbaum to be insoluble, 

I can in the main confirm Bermann’s Serrionica of | a “tubular 
gland” in the sub-maxillary of the rabbit, 

The Infra-orbital and Lachrymal Glands of the Rabbit shew an outer 
clear and an inner granular zone in activity even more distinctly than 
the parotid. In both these glands osmic acid preserves more nearly 
the living appearances, The two zones if present normally, are also 
present after treatment with osmic acid, 

In the Mucous Glands during secretion the changes in life are 
less readily followed, but they are probably similar to those mentioned 
above. In rest the alveolar-cells form granules like the alveolar-cells 
of a serous gland; but in the former case the granules are of nearly the 
same refractive power as the surrounding substance and so not con- 
spicuous. In activity the granules are used up, and disappear first from 
the peripheral parts of the cells. | 


REFERENCE TO FIGURES. 


Pruate VII. 


Parotid gland of the rabbit in the fresh state. The figures are all from 
the same gland. o drawing the outlines a camera was used, Zeiss micro- 
scope, oc. 2, obj. E. 

-Fig. 1. Small piece of fresh gland taken at 12 o'clock. The clear lines 
marking the junctions of the cells are made a little too broad. 


Fig. 2. Taken at 1.45, after 3°65 c.c. of saliva had been obtained by 
injecting pilocarpin in small quantities into the duct. 


- - Fig. 3, Taken at 3.30, after 1 cc. saliva more from pilocarpin ; and 


pil 
following stimulation of sympathetic in neck for 10” to 15” every 60” 
during 55’, 


Fig. 4. Taken at 5.16, after stimulating sympathetic as above for sil 


Fig. 5. Resting gland after 10’ mounting in saliva, 
Fig. 6, Resting gland after 20’ mounting in saliva. 


Puate VIII. 


Fig. 1. Sub-maxillary gland of rabbit. Fresh state. After a moderate 
amount of saliva from pilocarpin injection. The ductule- and transition-cells 
are darkly granular; the alveolar-cells shew an outer clear zone, 


x 
> 
| 
| 
‘ 
ad 
x 
| 
= 


Fig. 2. Sub-maxillary gland of rabbit. Few hours after feeding. ‘Oniio 
acid 1 per cent. acid, 25 Sao absolute alcohol 20 hours, mounted in Galsite, 
glycerine. The darker patches mark the transition- and ductule-cells. 


Figs. 3, 4 and 5. Infra-orbital gland of rabbit. Treated with osmic 
acid and subsequently with alcohol. In figs, 4 and 5 the granules are rathér 


too large; in the actual specimens, they appear more as darker spaces in a 
lighter net-work, In figs. 3 and 4 the nuclei are rather too prominent. , 


Fig. 5. Resting gland. 
Fig. 4. Gland after moderate amount of secretion from pilocarpin. 


Fig. 3. Gland after protracted secretion from pilocarpin, sy mpathetio 
also stimulated. 


The actual appearance of the specimens cannot be very accurately repre- 
sented by the lithographic process ; the shaded portions of the figs. including 
_ the nuclei should be perfectly smooth and homogeneous, 


ERRATA i in Paper on “The Mutual FOr Se a of Atropin and Pilo- 
carpin,” Vol. 1. of this Journal. 


p. 366, line 11 from bottom, for normal read sub-normal. 


p- 368. Footnote. or, It does not follow from this, that if we know — 
accurately the separate actions of any two poisons, we can tell without direct 


experiment whether they will be vaeacnoanad or perfectly mutually antago- 
nistic. Read, It does follow, de, 


_ I call attention to the latter mistake in ‘printing, since it makes 
me repudiate a belief on which I lay some stress. 


. Sussequent LITERATURE. 


Since the above has been in print a paper has appeared by Griitzner in’ 
Pfliger’s Archiv, Bd. xx. 8. 395, on the Formation and Excretion of Fer- 
ments. Unfortunately I have not space to discuss here his observations on 
the Salivary Glands. Where we touch on the same points, we, in the main, — 
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ON THE CHANGES IN PEPSIN-FORMING GLANDS 
DURING SECRETION. By J. N. LANGLEY, M.A, Fellow 
of Trinity College, Cambridge, and H. SEWALL, B.S8c., Fellow of 
the Johns Hopkins University, Baltimore, U. 8.4. (Plate IX.) 


[From the Physiological Laboratory, Cambridge. ] 


From observations on living tissue it has been shown that in the 
pancreas(1)', and at any rate in some of the salivary glands(2), there is 
during rest a gradual formation of granules, which during activity are 
used up. 

~The main objects: of the following observations were to find out 
whether a similar round of events takes place in gastric glands, and 
whether in the mammal there are any differences in the behaviour 
of border* and chief cells which would make more certain their re- 
spective functions. 

In the frog the greater part. of the pepsin of stomach diges- 
tion is formed in the csophageal — ®), hence these too were 
observed. 


CEsophageal Glands of the Frog (Rana temporaria). 


_ Digestive stages in the living gland. 
By the method described below, p. 286, for the stomach of the- 
newt, the cesophagus of the frog with its glands can be observed with 
full capillary circulation. The operation is however tedious and some- 
what difficult. A much simpler method is the following: 
The cesophagus is cut out from a just killed frog and any mucus 
sticking to the mucous membrane removed; it is then pinned and 
stretched somewhat over a hole in a piece of gutta-percha, with the - 


1 See list of references at the end of this Article. 

2 We use border and chief-cells as equivalent to the beleg- and heupt-sellen of 
Heidenhain. These terms, althongh not altogether satisfactory, seem to us somewhat 
better than any others in usé. The border and chief-cells correspond respectively to the 
delomorphous and ee Rani cells of Rollett and to the ovoid and central cells of 
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muscular coat uppermost. Ina small frog the glands can be observed 
through the muscular coats; in a larger frog the longitudinal coat can 
without much difficulty be removed; in either case an obj. D or E 
with oc. 2 Zeiss can be readily used. The glands can thus be observed 
_ about 30” after removal from the body, protected by the superficial mu= 
cous membrane cell on one side, and by connective-tissue and muscular 
fibre on the other. Less successful preparations are made by mounting 
a piece of cesophagus on a glass slide and covering with a cover-slip. 

Now if the glands are observed with full capillary circulation, 
and then the frog killed and the glands observed in the pinned-out 
cesophagus, the appearances in the two cases are identical: whatever 
form, granularity, etc., the cells have in the first. case, they have also 
in the second. 

We are consequently justified in assuming, that in the sidnedsct 
esophagus, the living gland appearances at the time of killing the 
frog may be observed; this simpler method we have used in the large 
majority of experiments. | | 

The frogs were usually fed with worms. A worm of such a size as 
moderately to distend the stomach when taken, disappears from the 
stomach in about thirty hours, and the undigested portion reaches 
the rectum in about three days. The rate of passage of food how- 
ever varies considerably according to the state of nutrition of the 
animal. 

The cesophageal glands of a frog three to four days after sucha 
meal show alveoli densely and darkly granular, no cell-outline is 
visible, and the outlines of the ere alveoli are but faintly indicated 
(Pl. IX. Fig. 1). 

There is no marked distinction Senses the mucous-cells and those 
in of the rest of the alveoli. 

If to such a hungry frog a worm be given, the glands begin iditinst 
immediately to change in appearance. The rapidity of onset of this 
change varies considerably in different frogs, in an hour it is usually 
marked. The alveoli are no longer granular throughout, but 
have an outer clear non-granular zone and an inner zone 
adjacent to the lumen thickly granular as before. The alveolar 
outlines are more distinctly though still faintly marked, nuclei are not 
visible any more than in the hungry specimen. The time of most rapid 
change is the first few hours (Fig. 2), later it proceeds slowly. After about 

five hours the granules continue to disappear, but they disappear not 
go much at the junction of the clear and granular zones as throughout 
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the latter. Thus the inner zone becomes less granular and less dark, 
but the outer clear zone does not increase to any marked degree. At 
_ the same time the granules take an irregular star-shape, the clear 
zone no longer being an even rim, but here and there i more 
deeply down towards the lumen (Fig. 3). 

Later the clear zone becomes more and more granular, at first 
thinly, then thickly and darkly, until in two to four days the original 
darkly granular state has returned. The time taken to regenerate 
the granules in some cases is much shorter than others, and it probably 
varies largely with the general condition of the animal. — | 

Besides the above-mentioned granules, the “central” granules, — 
there are others smaller and somewhat more refractive, which from. 
their position we may call “border” granules; they are usually arranged in 
clumps immediately underneath the basement membrane (Fig. 4). These 
were not noticed in the earlier used and most healthy frogs, they may. 
however have been present. 

Water or salt solution added to a foal specimen causes the sheen 
to swell somewhat, and their outlines to appear as distinct fine dark 
lines, at the same time the border-granules become more distinct. 

_ Alcohol added to a fresh specimen makes the cells dark and irregu- 
larly granular throughout, whether the gland was in a hungry or a 
digesting condition ; it quite destroys the normal appearances. 

After a few observations the stage of activity of the oesophageal 
glands can be told by the eye; when the cells are full of granules the 
mucous membrane from the muscular side is opaque white; as the clear 
zone becomes more and more fully established, the mucous membrane 
becomes more transparent and greyer. 

A certain number of the frogs which we obtained for these experi- 
: Maents were in an ill state of health, not unfrequently a touch would 
send them into tetanus, one or more limbs were markedly inflamed, 
often the intestines contained an unusual amount of fluid; these frogs 
did not show the granular appearance in the csophageal glands which 
we have described as characteristic of the hungry state; with them the 
border-granules were usually conspicuous, the central-granules few. 
and usually thinly scattered from the centre nearly to the periphery of 
the alveoli. 

Each vagus sends two or more tranches to the esophagus. We 
believed ourselves to have obtained a,secretion from the glands, and a 
disappearance of granules from the cells, by intermittent vagus stimu- 
lation, but we had unfortunately only unhealthy frogs left at this stage, 
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and we cannot be certain that the effects apparently obtained were not 
previously present from pathological causes. : 


| Digestive stages in the Gland treated with Osmic Acid. 


The esophagus was placed in osmic acid, 1 per cent., from two to 
twenty-four. hours, and sections cut at once or after the tissue had 
stayed a day in absolute alcohol ; the sections were mounted in dilute 
glycerine. In comparing the glands in hungry and digesting condition, 
the time of stay in osmic, and all other details of treatment, were the 
same with the two glands. 

The results spoken of above as obtainable in the fresh state, are also 
obtainable by treating the gland with osmic acid; the living appearances 
are in the main preserved. The clear zone is however more conspicuous 
and the star-arrangement of granules more marked in the hardened 
specimens ; this is in part due to the action of the acid on the granules 
in the mucous-cells, and in part to the smaller thickness of cell-sub- 
stance looked at. The outlines of the cells are but faint, the nuclei 
only to be made out with difficulty, whilst the nucleoli come out sharply. 
The granules are somewhat larger. The border-granules, when present, 
are the most deeply-stained constituent of the alveolar cells. The 
mucous-cells are conspicuous, being no longer granular but clear and 
transparent, the acid either dissolves out the granules. or causes them 
to run together, so as to be indistinguishable. The mucous-cells, then, 
show a small mass of stained protoplasm containing an irregular nucleus, 
from which a network, such as is usually seen in mucous-cells, 
stretches out (compare Figs. 5 and 6). 

During digestion the number of mucous-cells in the — 
glands diminishes. 

A similar diminution of mucous-cells occurs also in the mucous 
membrane, lining the cesophagus ; in hunger there are many goblet-cells 
with unstained contents amongst the ciliated cells; during digestion, 
just as in the sub-maxillary of dog during nieailalion of the chorda 
tympani, the mucus is excreted from these cells, and a growth sf 


This is the reverse of the change stated to occur by Heidenhain(4) and by 
Swiegicki(®) i in the stomach of the frog. These observers found the mucous- 
cells in the stomach to increase soit — Partsch(5) was however | 
unable to confirm this. 
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_ Nussbaum() has described the appearance of the cesophageal 
glands after treatment with osmic acid. It will have been seen that 
we differ from him in many points. 


1. He finds that after “several days’ hunger” the alveoli are like the 
alveoli of the pancreas and present two zones nearly equal. 

We find that frogs killed four days after feeding present alveoli granular 
throughout. In two or three days after feeding some frogs do not completely 
recover their granules, possibly Nussbaum may have taken some such 
slowly reacting frogs, as the typically hungry. Possibly in some frogs the 
granular zone does not in the ordinary hungry condition stretch quite to the 
periphery ; in the healthy frogs which we have observed it did, never- 
theless the matter does not seem to us very important. 

2. On feeding, he finds the granules increase so that in three hours the 
alveoli are granular throughout, an appearance which they preserve until 
about five hours after feeding, and only at about the fifteenth hour has the 
outer clear zone again become obvious. 


We find that from the beginning of digestion onwards there is a using up 
of granules, 


_ 3. According to him, if small pieces of cork be given to a frog and tha 
cardia ligatured so that the cork continues to stimulate the csophageal 
mucous membrane, the granules disappear entirely in three to four hours 
from the alveolar-cells, whilst the nuclei become shrunken and angular, 

This we have been quite unable to observe. 


In the granular throughout stage of Nussbaum after five hours teoding, 
he describes coarser particles staining deeply black with osmic acid, imme- 
diately underneath the membrana propria. We have described in a similar 
position collections of small highly refracting granules which stain very 
deeply with osmic acid; these “border” granules perhaps represent the 
coarser particles of Nussbaum. 


That which we regard as the most important point of difference is 
the effect of feeding: Nussbaum finds that the granules increase at 
first, we find only a decrease. 
' _ $wiecicki®), from observations of sections of alcohol-hardened, and 
carmine- or hematoxylin- stained glands, states that the cells are in 
digestion as a rule larger, more granular, and better staining, than 
in hunger. The granularity is here, as in most other alcohol pre- 
parations, the product of alcohol treatment; we are not prepared 
to lay much stress on changes in size of the glands, from the difficulty 
of getting a satisfactory basis for comparison, but the whole course 
of our observations leads us to think that as the granules are used up 
in the gland-cells, the cells simultaneously become smaller. 

Partsch(5) in the main confirmed Swiecicki; he found an increase 
of size in the cells up to 5—10 hours, after that a diminution; this 
diminution must be an exceedingly rapid one to cause the cells, at the 
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13th hour, to become as small as those in his fig. 2. It is possible, 
however, he does not intend this to be compared with hjs fig. 1 of a 
hungry gland. « 

Partsch was unable to find any indication of two zones; not improbably 
the fresh and osmic specimens he observed were taken from hungry frogs. The 
great majority of his specimens were from glands hardened in chromic acid, 
picric acid, or alcohol, in which the normal appearances are not preserved. 

Nussbaum connected the presence of granules in the cesophageal 
glands with the presence of ferment. His starting point was, however, 
not so much the actual presence of granules as their staining with 
osmic acid; according to him, when the granules disappeared, the 
blackening from osmic acid ceased. This seems to us untenable, for if 
the gland be treated with osmic acid alone for two hours, the granules 
are not more deeply stained than the rest of the protoplasmic cells ; 
whilst the border-granules are deep black, so that on Nussbaum’s 
view, it should be these and not the central granules which would re- 
present the ferment. We may remark too that Nussbaum’s obser- 
vations on the granularity of the cells do not with any accuracy 
correspond with the results of Swiecicki on the amount of ferment. 
The former finds the granules in the cells increase for three hours 
after feeding, remain stationary for two hours and then diminish. 
The latter found the ferment increase up to 6—10 hours and only 
then diminish. 

From general reasoning we are inclined to connect the number of 
central granules with the amount of ferment, and we may point out 
that Griitzner’s(?) results agree thoroughly with this view. He found 
that the ferment was greatest during hunger, and diminished ~~ 
— at first rapidly, then more slowly. 


The Stomach of Newt (Triton teniatus.) 


In the newt the glands were not removed from the body for exami- 
nation, but observed in the mucous membrane with the blood-circulation 
in full swing. The method was the following :—After destruction of 
the brain the newt was pinned out on a stage; sometimes to avoid 
reflex movements curari was given; the abdomen was opened, the 
stomach divided along the greater curvature, and one flap with the 
muscular coat uppermost stretched and pinned over the stage aperture. 
But little bleeding attends the operation. The muscular coat is suffi- 
ciently thin to allow the gastric glands to be observed under a mag- 
nifying power of 400 diameters; occasionally a piece of the muscular 
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coat was excised, especially in viewing the pyloric glands. In this way 
the deep parts only of most glands come into view, but some glands are 
to be partly seen in longitudinal section. In favourable circumstances 
the circulation is perfectly retained, a rapid capillary current surround- 
ing each gland. 

Slow rhythmic contractions of the muscular cont were frequently notice- 
able, and occasionally it was observed that the mere alteration in tension 


consequent on the heart's beat caused a saraceaes rhythmic variation in the © 


size of the glands. 


Only those observations were depended on in which there was good 
reason to suppose that the vital conditions were fairly normal. To 
induce digestive changes either a worm was given to the newt, or some 
dilute egg-albumin introduced into the stomach. 

The gastric glands of a newt thus observed twenty-four hours after 
feeding the animal, are densely and somewhat finely granular through- 
out, the separate cells are not to be distinguished and no nuclei are 
visible (Fig. 7). 

If taken three hours after feeding there are markedly fewer granules ; 
the different glands however vary widely. In some few, scarcely any 
granules are to be seen, in others they are collected in a band round the 
lumen, leaving a more or less ill-defined outer clear zone; some glands 
still have’ granules throughout. Usually there are many glands in 
which the cells are to some extent defined; in these the granules are 
commonly collected along the lateral margin of the cells and near the 
lumina, forming thus a star-like figure (Fig. 8). 

As newts are taken later in digestion than the third hour, the 
glands are seen to have recovered more and more their resting appear- 
ance, so that by the sixth hour the granules have usually increased and 
a clear outer zone is no longer present; up to about the twenty-fourth 
hour the glands become more and more densely granular. In different 
animals however the time of recovery varies somewhat. 


In one or two experiments it has appeared that the recovery of granules 
does not take place if the brain and saaaile be destroyed immediately after 
feeding. In this case in twenty-four hours the glands have still the star- 
arrangement of granules and clear outer zone; the stomach is still distended 
with food-substance. This requires further attention than we have been able 
to give to it; it may possibly bring to light some dependence of the restorative 
processes on the central nervous system. 


If the newt be kept without food longer than one day, the granules 
appear slowly to diminish, so that after six or more days the description 
given above of the digesting stomach begins to some extent to apply, 
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i.e. the granules thin away at the periphery (Fig. 9). To what further 
extent this proceeds we have made no experiments to determine. 


The most marked digestive changes are obtained by feeding a newt of 
three or more days rather than one of twenty-four hours hunger. In the 
former case either the break-down is more rapid or the re-formation slower. 
Similarly the stomach of the longer fasting newt is more sensitive to ex- 

posure; after the stomach has been pinned out for several hours the cell 
outlines become more or less distinct, the glands at their periphery lose, 
to some extent, their granules, and the nuclei become faintly visible as round 
clearer spots. This is probably in part caused by a secretion set up by 
exposure, and is probably in part pathological. It is much less seen in the 
newt twenty-four hours only after food. 

Comparison of the size of the glands at different stages of digestion . 
seemed almost hopeless, for their cross section in any one specimen usually 
varies so greatly as to make an average estimation unsafe; nevertheless there 
seemed to be a less variation in size in digesting animals, and this taken with 
the fact that the glands which have most thoroughly suffered a loss of 
granules are the smallest, leads us to think that the glands diminish in size 
during secretion. This does not agree with the observations of Swiegicki(3) 
who states from observation of alcohol-hardened glands that the cells increase 
in size during the first six hours of digestion. 


By the method given above the gastric titi were only exposed at 
the digestive period desired to be observed ; we have also made many 
attempts to start the observation of the glands during hunger, and to 
watch them as digestion proceeds. 

To this end a cannula is tied in the pylorus, and diluted egy albamin 
run through it to wash out any mucus present in the stomach. When 
this is done, a clamp is placed on the mouth, and fresh albumin injected 
until the stomach is moderately distended. The newt then being placed 
on a stage, the stomach, partially withdrawn from the abdomen, is tilted 
over the stage aperture. On a fairly bright day sufficient light pene- 
trates the stomach to allow the upper part of the mucous membrane to 
be observed with full capillary circulation. From time to time the half- 
digested albumin is washed out of the stomach and fresh injected. . 

The gastric glands of a hungry newt, thus treated, rapidly lose their 
granules, and apparently to a greater extent than in normal digestion ; 
after three or four hours the glands have usually become so transparent 
that, by focussing sei the surface epithelium of the mucous membrane 
can be seen, 

Nevertheless there are some striking differences in the early diges- 
tive stages in the glands observed by this method and by the former. 
his is chiefly caused by the nuclei appearing, not with sharp out- 

lines, but as round clearer spaces. At the same time the outer borders 
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of the cells bulge somewhat, bulging more as the nuclei become larger 
and more obvious, The whole appearing indeed is such as would be 
caused by the nuclei, imbibing fluid, becoming spherical and swollen, 
and so being no longer hidden by the granules of the protoplasm, This 
_-no doubt is to some extent pathological. 


According to Partsch (5) the change of the nucleus as seen in hardened 
ens is more marked in the newt than in any other animal. The figure 


specim 
given by Partsch to illustrate this we are quite unable to understand; but — 


the description given by him in the text we can in the main confirm; the 
nuclei in a digesting stomach are spherical, very much enlarged, and ‘take 
‘up a considerable portion of the cell ; they impart a very characteristic = 
pearance to the specimen. 

The course of events is usually as follows. In each gland within 
about half-an-hour after mounting, near the middle of the gland cells 
corresponding to the position of the nuclei, ill-defined round clear spots 
make their appearance. These nuclear spots increase in size so that the 
granules become arranged as a mesh in the gland; then in some the 
granules disappear at the outer part of the cells giving the star figure 
(Fig. 10). In many of these latter, the granules disappear from the 
branches of the star, ie. around the nuclei, and give ultimately the 
inner-granular and outer clear zone. In this last stage, occurring usually 
in three to five hours, the distinction between the two zones is commonly 
more striking than when viewed by the first method. | 

The lumina usually increase in diameter during digestion, the 


degree to which this is apparent varies considerably, they may show 


a large irregular perforation through the body of the glands. We 
have in vain attempted to watch what becomes of the outer-lying 


granules, to decide whether they are carried toward the lumen or 


dissolved im situ. During digestion the granules peanme rather larger 
and more highly refracting. 

We have said that in normal digestion, after eee three hours, the 
glands begin to return to their resting condition; in the stomach, albumin- 
fed as above, this is not the case; whether the absence of recovery is due 
to the continued presence of albumin and digestive products, or to a loss 
of recuperative power consequent on injuries incident to the method, 
we have not sufficient facts to decide. That the sole cause is not the 
injuries done, seems clear from the effects of giving water or 0°75 per 
cent, salt solution, instead of dilute albumin. If either of these fluids is 
injected into the stomach, the early effects are not unlike the effects 
of injécting albumin; but in some five to six hours, the glands are once 
more mainly granular, though not to the extent they were, previous to 
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injection. It would appear that the injection of fluid causes a secretion 

which is, however, temporary unless digestible substances are contained 

in it. 

| The pyloric glands are clear or very finely granular; special atten- 
tion has not been paid to them, but in such observations as have been 

made, no change in appearance has been noticed in the digesting 

condition. 

With Triton cristatus we have made experiments similar to the 
above on Triton taeniatus. Owing, however, to the thicker muscular 
coat, the gastric glands cannot be so satisfactorily observed. In this 
animal the changes occurring during digestion are much less marked 
than in the small newt, though of a similar nature ; the darkly granular 
glands show during activity only a diminution of granules at the peri- 

phery, not a clear outer zone. 7 
| In the newt there are no esophageal glands proper, as in the frog. 
This is, however, somewhat a matter of definition; the junction be- 
tween cesophagus and stomach is not very marked; if in a digesting 
newt, when the constriction between them is plainest, that portion 
immediately above the constriction is examined, no glands are visible ; 
if the constricted portion be examined, glands are found similar to the 
glands of the mid-stomach, but with cilia on the surface epithelium. 
If the termination of the esophagus be judged by the presence of cilia 
these glands must be called cesophageal glands. 


The Stomach of Fish. 


The fish used for observation was the common English stickleback 
'(Gasteropodus tri-spinatus?). We have made a sufficient number of 
experiments to determine that the behaviour of the gastric glands in 
hunger and digestion is in general similar to that of the gastric glands 
‘of the newt. | 


In the stickleback the glands are confined to a narrow dilatation of the 
alimentary canal just posterior to the gill-slits. There is no distinct pyloric 
region of the stomach, the pyloric glands are few, and consist simply of 
short sacs formed by in-dippings of the surface epithelium of the mucous 

membrane, The small intestine near the stomach contains no glands. 


For observation, a piece of the stomach was cut out from the 
animal immediately after death and mounted without adding fluid. 

The gastric glands of a stickleback, which has hungered three 
to six days, are granular throughout, somewhat finely, the granules 
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thinning away more or less from the centre to the periphery (Fig.- 
11). The lumina are inconspicuous, and the glands of fairly equal 
size. 

In about three to five hours after feeding the animal with a worm, 
a very marked change is seen in the glands. The granules, become. 
perhaps rather larger, are aggregated round the lumen, leaving usually 
a distinct peripheral rim. The cells are smaller, and the- lumen often 
increased to such an extent as to suggest that the inner margins of © 
the cells have been broken down in the process of secretion; fig. 12 
is taken from a stomach three hours after feeding. Although this 
is the prevailing appearance of the digesting stomach, yet there are 
usually some glands approximating more or less to the hungry state. 


Stomach of Mammal. 


_ Since the investigations of Heidenhain(4) and of Ebstein() it 

has usually been granted that the chief-cells of the fundus-glands are 

like in morphological character the characteristic cells of the pyloric 
ds. 


In its chief points we agree with the description given by Heiden- 
hain() of the fundus-glands of the dog in the fresh state. The glands, 
he says, examined either without fluid or in iodized serum, have the body 
in general with darkly granular content, forming a diffuse mass. At 
the periphery, finely granular border-cells faintly appear with a sharp 
outline outside ; inside, where they are in contact with one another, and 
with the granular mass, their outlines are but imperfectly seen; the 
nuclei of the border-cells are scarcely visible ; of the individual chief- 
cells there is no trace. 


_ To this we quite agree, except that in the perfectly fresh state 
the nuclei of the border-cells are never seen. The border-cells, after 
staying in iodized serum for some time, are, Heidenhain says, slightly 
swollen, and very finely granular; whilst the chief-cells are strongly- 
darkly granular. 

From this it is clear Heidenhain recognizes, though he does not 
distinctly state, that in life the border-cells are finely granular, and the 
chief-cells coarsely granular. From examination of the fundus of the 
dog, cat, rabbit, and rat we find this is in the hungering animal always 
so; in some cases it is not easy, owing to the want of outlines of the 
cells, to be certain that the large numerous granules are confined to the 
chief-cells, but careful observance of the gland on the addition of potash 
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33 per cent. or other reagent shows that whenever the border-cells 
appear to have been coarsely granular, this is due to over- or under-lying 
 chief-cells. 

Ebstein,() in his endeavour to prove the similarity between the 
pyloric and chief-cells, passes very lightly over the appearance of the 
glands in the fresh state ; — only mention we find is an incidental 
one, 

In speoking of the effect of adding acetic acid to the fresh glands, 
he says, that sections of the fresh pyloric mucous membrane mounted 
in salt solution 0°8 per cent. become somewhat cloudy, mounted in 
distilled water they become somewhat clearer. 

One might conclude from this that he had noticed the fresh pyloric 
cells to be not coarsely granular; but if so, it is difficult to see why he 
left without remark this character so very different from the coarse 
granularity of the chief-cells described by Heidenhain. 

His main proof of the identity of the two kinds of cells consists 
in their similarity of appearance after treatment with reagents, as osmic 
acid, acetic acid, mineral acids, potash 33 per cent. and so on. 

In all mammals which we have observed the chief-cells are thickly 
and coarsely granular (Fig. 13), and the pyloric cells are by comparison 
transparent, and very finely granular, often appearing homogeneous 
(Fig. 15). It is known that in the necks of the fundus-glands, here 
and there, chief-cells occur amongst the border-cells; in the fresh state 
small patches of dark granules are often seen, which on treatment with 
reagents turn out to be chief-cells (Fig. 14). _ 

The above described living condition of the chief-cells is charac- 
teristic of the hungry animal; but just as, in activity, the granules. 
diminish in many serous glands of mammals and pepsin-forming glands 
of other animals; so, in digestion, do the granules oe in 
the chief-cells of the mammals’ stomach. 

The chief-cell granules do not by any means disappear ; - she still 
remain many, at whatever digestive stage the stomach is observed, but 
instead of forming a thick dense mass in the body of the gland, 
stretching frequently to the periphery, they are aggregated in the 
centre, or have a star-arrangement, with somewhat thin star rays, 

The above points are well seen in the cat and rat; in obtaining 
fresh specimens, we have either snipped off pieces of the mucous mem- 
brane with scissors, cut transverse sections from its deeper portion 
with a razor, or made use of a Valentin’s knife. Thinner, though per- 
haps not so well preserved specimens, are obtained by the latter method. | 
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Tn all cases no fluid is added in mounting. If any acid gastric juice 
touches the specimen the border-cells show numerous coarse granules 
or a network, the nuclear outlines become obvious. 

It is almost unnecessary to say that the appearances of the living 
tissue are not preserved after alcohol treatment; it is probable that 
the differences seen in the hungry and digesting stomach in alcohol 
specimens are differences in constituents of the cell quite other than 
the granules normally visible. : 

The rabbit presents greater difficulties for examination than the cat 
or rat, since the mucous membrane varies in structure, almost from 
point to point. It may be conveniently divided into four parts, 
the typical glands of each part however graduating into the neigh- 
bouring ones (Fig. A). 

1. The Fundus is to the unaided eye of an opaque white on the 
surface turned to the muscle-coat. The glands contain comparatively 
few border-cells, the greater part of the gland consists of darkly granular 
chief-cells. In approaching the greater curvature the border-cells 
become more numerous, and the chief-cells more confined to the 
deeper portions of the glands; at the same time the granules be- 
come fewer and appear in transverse section of the glands as an 
irregular star. 

2. The median part of the Greater Curvature. This is pink and 
contrasts strongly with the fundus. In fresh specimens scarcely any 
dark chief-cell granules are to be seen, there may be a few scattered 
irregularly in the central portion of a gland, the rest of the gland 
being finely granular, without cell outlines, except — the cells 
bulge at the outer border. 

3. The Smaller Curvature and mucous membrane ealidiaie 
around the pylorus. It is greyish-white, the glands here are what are 
usually described as pyloric glands. 

4. The Pylorus. The glands are rather shallow depressions of the 
mucous membrane, the cells are clear, more transparent than the 
pyloric gland-cells. 

In hunger the opaque thickly granular region of the fundus stretches 
to or encroaches on the greater curvature. 

In digestion, the chief-cell granules diminish, beginning at the 

opaque part near the greater curvature, so that the opaque thickly 


granular part is more and more limited to the extremity of the 
fundus. 


At the height of £ digestion, about seven hours after food, the ex- 
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tremity of the fundus shows glands with a very large portion densely 
and coarsely granular, the granules in cross-section frequently covering 
the whole surface; farther towards the greater curvature, the cross- 
pes shows glands with dark granules about the centre, frequently 

in star-arrangement; whilst near the greater curvature only a few 
scattered dark granules are to be seen, the cross-section being ereagt- 
out dimly granular. | 

Sections of alcohol-hardened specimens of the greater curvature 
show that notwithstanding the absence of chief-cell granules, cells 
which correspond to the chief-cells are still there; imdeed unstained 
sections from the alcohol-hardened fundus and the greater curvature are 
almost identical in appearance: in the latter the border-cells are rather 
more numerous. 

At the junction of the fundus and greater curvakure, the chief-cells 
in digestion lose granules first at their outer border, and then entirely; 
in the different parts there is great variation, but the loss is fairly 
constant for corresponding parts of the stomach ; at the extremity of the 
fundus the chief-cells seldom lose granules enough to make an obvious 
difference, in the greater’ curvature they seldom gain granules enough 
to make any obvious difference. Between these extremes the chief- 
cells pass from throughout granular to half-granular or. ee 
State. 

Hitherto we have noticed no certain change in the border- and 
pyloric gland-cells during digestion; we have not however paid any 
special attention to these. | 

In order to test whether there was any relation between the amount 
of chief-cell granules, and the amount of pepsin in the mucous mem- 
brane, the following experiments were made. 

Two rabbits, about five weeks old, of the same brood and as eisiahe as 
possible alike, were taken, one killed five hours after excess of food 
had been given, the other twenty-four hours after feeding. Small pieces 
of the mucous membrane were examined to observe the granularity; 
the condition corresponded to the description given above. Pieces 
were then removed from the fundus (A), the greater curvature (B), 
the smaller curvature and pylorus (C), of the hungry animal, and from 
the fundus (D) of the digesting animal, A and D being taken from as 
nearly as possible corresponding positions of the fundus. From these 
pieces the muscular coat was removed, they were then pinned-out on 
cork, stretched as much as possible to the same extent, and equally 
sized bits cut out with a cork-borer 2 cm. in diameter, and put in absolute 
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alcohol. Mr Sheridan Lea, of Trinity College, kindly tested these 
for ferment in the following manner :— 

The alcohol was removed from the pieces A, B, 0, D by pressure 
between folds of filter paper. To each piece in a test tube, 10 ¢.c. of 
0-2 per cent. hydrochloric acid having been added, they were placed 
aside at a temperature of 40°C. A and D were digested almost com- 
pletely before marked digestive signs occurred in B or C; the digestion 
of A being rather more rapid than the digestion of D; B and C di- 
gested slowly, B perhaps rather better than C. At the end of five 
hours the solutions were filtered from the undigested remains, and 
10c.c. of 0:2 per cent. hydrochloric acid added to each filtrate. Then 
after Griitzner’s(9) method, an equal quantity of carmine-coloured 
fibrin was added to each. To serve for comparison, a like piece of fibrin 
was added to 20c.c. of 0°2 per cent. hydrochloric acid, and the test- 
tubes again placed aside at 40°C. In the intensity of colouration 
produced and in rapidity of production of the colouration, the order of 
the pieces was A, D, B, C, both A and D producing a much more 
rapid and intense colouration than B and C; the colouration produced 
by B and C was about equal, that by B perhaps the greater. 


From another adult rabbit, about seven hours after food, similar 


pieces in exactly similar manner were taken from the mucous mem- 
brane and treated in a similar manner; the fundus piece was digested 
long before the pieces from the greater curvature and pyloric gland 
region; the latter two were about equal in rate of digestion. The 
colourative test led to like result. Hence then the resting fundus 
contains more ferment than the active. The fundus contains 2 much 
greater quantity of pepsin than the greater curvature; the greater. 
curvature contains hardly more than the smaller curvature. 


Sections of alcohol-hardened specimens of the stomach of these rabbits 
were made, The glands of the greater curvature contained a large number of 
chief-cells. 

We would recall that GriitzZner(%) found the amount of ferment to 
be greatest during hunger and to diminish during digestion. 

The greater curvature contains more border-cells than 
any other portion of the stomach, the pyloric glands of the 
smaller curvature contain at most an occasional border-cell 
here and there, yet the amount of pepsin produced by the 
two gland-forms is scarcely different. The conclusion is 
irresistible that the border-cells do not form the ferment. 
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Let us now compare the chief-cells of the fundus with those of the 
greater curvature. The former produce a much larger amount of pepsin 
than the latter ; the former are coarsely granular, the latter are not. In 
digestion, when the amount of pepsin in the fundus decreases, the 
number of granules decreases. The amount of pepsin present then 
goes hand in hand with the number of coarse granules in 
the chief-cells, There are thus all stages between the coarsely- 
granular chief-cell of the hungry fundus and the finely-granular 
chief-cell of the greater curvature. Now in what do the chief-cells 
of the greater curvature differ from the pyloric cells? the amount of 
pepsin produced by each is approximately the same: they are in the 
fresh condition both finely granular; according to Ebstein, the re- 
actions with acids, etc. of chief-cells and pyloric-cells are the same. 
Their form may be slightly different, but that may be accounted for 
by the presence in the greater curvature glands of border-cells, the 
conditions of pressure being different. The conclusion seems clear that 
they are cells of the same class. But, allowing this, we cannot allow 
that the coarsely-granular chief-cells are ‘identical in character with 
either of the above: for their normal appearance is different, their 
production of pepsin is greater; they belong to the same class, but 
have certain properties much more highly developed. 


Since the pyloric glands produce some pepsin, and from these, as far as 
we have seen, coarse granules are absent, pepsin-formation is not necessarily 
connected with the formation of coarse granules. 


If we compare the greater curvature of the stomach of the rabbit 
with the intermediary portion of the cat or dog, we find many points 
in common; in the intermediary portion the chief-cell granules diminish, 
as they do at the junction of the fundus with the greater curvature in 
the rabbit. The chief feature of the intermediary portion of the cat or 
dog is, that as the chief-cell granules disappear, so as a rule do also 


the border-cells, leaving thus pyloric glands. 


There is one other point to be mentioned which confirms what we 
have said above as to the connection of the chief-cell granules with the 
ferment. In adult rabbits about thirty hours after feeding, the granules 
begin to diminish somewhat as in digestion; Grtitzner(9) has shown 
that under similar circumstances the amount of ferment diminishes. 

Finally we may remark that in pointing out a correspondence 
between the amount of pepsin and chief-cell granules in the glands, 
we do not mean to imply that the granules are granules of pepsin. 
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Their composition we must leave to future investigations, In all the 
cases we have dealt with we regard the granules of the resting state 


as simply store material to afford organic solids for the next secretion. 
Amongst these solids is pepsin. 


The chief results of our observations are as follows. 


The Gisophageal Glands of the Frog. In a frog three to four days 
after food the alveoli of the cesophageal glands are, in the living 
state, granular throughout. .The outlines of the cells are not visible. 

Shortly after food is given, the granules thin away at the peri- 
pheries of the alveoli, and thus render the alveolar outlines more 
obvious. This thinning proceeds so rapidly that in a few hours there 
is a well-marked clear zone in the outer part of each alveolus, the 
part nearest the basement membrane. 

Later the clear zone becomes larger, the granular zone becoming 
smaller, but as the clear zone enlarges it ceases to form in section a 
ring, it dips down into the granular zone at intervals. 

Nuclei are not seen either in the resting or the digesting gland. 

Frogs in an ill state of health do not show the full granular con- 
dition characteristic of the normal hungry frog, the granules are much 
less numerous, and often, indeed, do not extend to the basement 
membrane. 

The granules we have hitherto spoken of may be called “central ” 
granules, to distinguish them from others which occur immediately 
beneath the basement membrane. ‘These “border” granules are 
smaller and more highly refractive; they occur usually in small 
clumps. 

The points mentioned above as observable in the fresh tissue, can 

also in the main be observed in glands treated with osmic acid: the 
border granules however stain more deeply and readily than the 
central granules. The mucous cells are fewer in the active than in 
the resting glands; it is only in the fresh state that they appear 
granular. 
’ Whilst not prepared to deny that an increase of size may in the 
‘first stages of digestion take place, we have failed to observe it, and 
are inclined to think that as the granules are used up, there is a steady 
diminution in the size of the glands. 

The granules we consider as stored up cell-products, which, on 
suffering molecular re-arrangement during the secretion, give rise 
amongst other substances to -the proteolytic ferment. 
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We cannot agree with Nussbaum’s view that the depth of 


staining with osmic acid is a trustworthy index of the amount of © 


ferment present in the cells, On his view, it appears to us, the border, 
rather than the central, granules should be connected with the ferment. 


The Gastric Glands of the Newt (Triton teniatus). In the Newt, 
the glands were observed through the muscular coat of the stomach 
with a rapid capillary circulation still going on. 

Twenty-four hours after feeding, the glands of the tendon are thickly 


granular throughout ; about three hours after feeding, the maximal 


change takes place; it corresponds in the main to that already de- 
scribed for the cesophageal glands of the frog. In the newt the lumina 
and cell outlines become more conspicuous, the clear zone is generally 
less sharply marked off from the granular zone: the star-arrangement 
of the granules is caused by the presence of granules along the lateral 
margins of the cells after those in the interior have disappeared. 

The glands recover their granular appearance comparatively quickly ; 
in six hours after feeding, the granules have usually again crept up 
to the periphery ; they then increase in number throughout the cells 
up to about the twenty-fourth hour. Later than this they diminish 
somewhat ; in six days the peripheries of the glands have become more 
sparsely pdiiitated. It is at this period that digestion changes are 
most readily observed. 

The pyloric glands are clear, or very finely granular, in such ob- 
servations as we have made; we have seen no difference 1 in the hungry 
and digesting states. 


In Triton cristatus the digestive — are of the same nature, 
but much less pronounced, 


The Gastric Glands of Stickleback. In the gastric glands of the 
hungry fish, the granules thin away somewhat from the centre to the 
periphery, the lumina are inconspicuous. Three to five hours after 
feeding, the lumina are much larger, the granules are aggregated 
about it, leaving a peripheral clear rim, the glands are more unequal 
in size, some having lost more granules and Ghniguhed more in size 
than others, 


The Gastric Glands of Mammals. In the glands of the fundus 
of the stomach of all mammals investigated, viz. dog, cat, rat, and rabbit, 
the chief-cells are, in rest, crowded with conspicuous granules; the 
border-cells are either without conspicuous aie or are finely 
granular. 
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During digestion the granules in the chief-cells diminish. — : 

The stomach of the rabbit has certain structural peculiarities ; the 
principal of these is, that a large portion of the greater curvature 
contains glands, in which the chief-cells are not coarsely granular. The 
glands of the greater curvature contain scarcely more pepsin than the 
glands of the smaller curvature and pylorus, 

But in the smaller curvature and pylorus, there are few if any 
border-cells, whilst there are many in the greater curvature. 

Hence, the border-cells.are not directly connected with the for- 
mation of pepsin. 

The glands of the fundus contain a very much larger amount of 
pepsin than the glands of the greater curvature ; that is, where there 
are coarsely granular chief-cells there is a large amount of ferment. 

Further, during digestion the fundus-glands contain less. ferment 
than in hunger—a fact observed first by Griitzner—and it is during 
digestion that the chief-cells have fewest granules. 

Hence the conspicuous granules in the chief-cells are er 
connected with the formation of ferment. 

Since in passing from the fundus to the greater curvature we 
meet all stages of granularity in the chief-cells; and since the chief- 
cells of the greater curvature do not differ in any essential point from 
the pyloric gland-cells ; we conclude with Heidenhain that the pyloric 
gland-cells and the chief-cells of the fundus are fundamentally the 
same. 

We consider, however, the chief-cells of the fundus to be a highly 
differentiated form of the pyloric gland-cells; a form more especially 
designed for the production of pepsin, and probably other solids of the 
gastric secretion, It is only in the rabbit that this differentiation 1s 
confined to the fundus of the stomach; in the dog, cat, and rat, it 

extends also to the greater curvature. In these latter animals the 
area of distribution of coarsely granular chief-cells is, roughly DEINE, 
= same as that of the border-cells. 
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EXPLANATION OF FIGURES, PLATE IX. 


Fig. 1—4, (Esophageal gland of Frog in the living state. Outlines drawn 
; with Camera oc. 3, obj. A, Zeiss. 


Fig. 1. Edge of a lobule from a frog four days after feeding. 
‘Fig. 2. 14 hours after feeding. : 
Fig. 3. 6 hours after feeding. 


Fig. 4. From an unhealthy frog. Shows the clumps of border granules. 
This frog had been fed the pie previous to examination ; much the same 
appearance is, however, often shown by unhealthy frogs two, three or more 
days after feeding. 


Figs. 5, 6. Cisophageal Gland of Frog treated with osmic acid and subse- 
, quently with alcohol. Outlines drawn with Camera oc, 3, obj. 7, 
Hartnack. 


Fig. 5. 4 days after feeding. 
Fig. 6. 5 hours after feeding a four-days ee frog. 

Figs. 7—10. Gastric Glands of Triton teniatus in fresh state. 
Fig. 7. 24 hours after feeding with worm. 


_ Fig. 8. 3 hours after feeding with worm. The three glands drawn show 
the different extent to which glands of the same stomach may be affected. 


Fig. 9. 6 days after feeding. - 


Fig. 10. 40 minutes after introduction of albumin into exposed stomach. 

For method cp, p. 288. Viewed longitudinally. The change was in this case 

-more rapid than usual. The nuclei to the right of the figure have too distinct 
an outline. 


Figs. 11, 12. Gastric Glands of the Stickleback in the fresh state. 
Fig. 11. Hunger. 


Fig. 13. Body of gastric gland of Cat. Waieen Keun the! curvature 


14. Neck of similar gland. 
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In both the granules mark the chief-cells, the lightly shaded parts the 
border-cells. In Fig. 14 the isolated patches of granules indicate the chief-cells 
of the neck of the glands occurring amidst a mass of border-cells. A very 
slight trace of acid makes the border-cells distinctly granular. Camera oc. 3, 
obj. 7, Hartnack. 


Fig. 15. Transverse section of ne of smaller curvature of vsbhth 3 in 
the fresh state. . Camera oc. 3, obj. 7, 


Fig. A. Rabbit's stomach ; to show regions in which different gland-forms 
occur. Life-size. 


1. Fundus. Border-cells and coarsely granular chief-cells. 

2. Larger curvature. Border-cells and chief-cells not distinctly granular. 

3. Smaller curvature and region around pylorus. Ordinary pyloric 
glands, no cell distinctly granular. 

4. Pylorus, . 


The region between 1 and 2 shifts markedly in character at different 
times : in hunger becoming more like 1, in digestion more like 2. | 


SUBSEQUENT LITERATURE. 


Edinger. Arch. Mik. Anat. Bd, p. 193. 
Griitzner. Pfliger’s Arch, Bd. xx. p. 395. 


Edinger deals with the human stomach, Chiefly from phineya- 
tions on the effect of the osmic acid on the gastric mucous membrane, 
he comes to conclusions totally opposed to those we have made above. 


He does not however consider any of the points we have brought 
forward, 


_. We regret that space does not allow us to discuss Griitzner's ob- 
servations; he confirms his previous statements that the amount of — 
ferment diminishes during digestion, and during prolonged hunger; | 
on both these points it will be seen above we agree with him. His 
remarks on the cesophageal glands of the frog possibly explain to some 
extent the divergence between Nussbaum’s results and our own. 
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THE PHYSIOLOGICAL ACTION OF HEAT. By B. F. 
LAUTENBACH, M.D., Pu. D., Assistant in the 
Laboratory of Geneva. (See antea, p. 1.) 


II. 


The Action of Heat on Sensibility. 


On the Reflex Movements produced by the action of Wet-Heat on the 
Skin of Frogs—When the foot of a frog is placed in sufficiently warm 
water, reflex movements are produced. In the experiments of Valen- 
tin’ a temperature of 25°C. was sufficient to produce these move- 
ments. Valentin also observed that the movements produced by 
a temperature of 45° were much feebler than those produced by a 
temperature of 25°, 

In the author's experiments water was heated in a copper vessel, 
in which was kept a thermometer, and the temperature obtained noted. 
The frog was supported at the middle of the body, and from time to time 
a foot was dipped into the warmed water and allowed to remain there 
until it was pulled out by the frog. The animal was then replaced 
in water at the ordinary temperature. The latent time, ¢.¢, the time 
which expired from the moment of the entrance of the foot into 
the warmed water to the moment that the foot was withdrawn, was 
recorded by means of a chronometer giving one-fourth seconds. The 
temperature of the room in which the frogs had been kept (in —) 
| for several days before each experiment was about 15°C. 


Exp. 1. Rana temporaria.(Geneva). January 11, 1879. 


Water at 28° to a posterior foot ......... No reflexes, 
Reflexes in 13”. 


1 Lehrbuch der Physiologie, Ba. 1. 
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Water at 32° to an anterior foot ......... No reflexes, 
Exp. 3. Rana temporaria (Geneva). January 12, 1879. 
Water at 31° to a posterior foot ......... Reflexes in 3”. 
30° No reflexes, 
Reflexes in 3”. 
Exp. 4. Same frog. Shade: 12, 1879. 
Water at 34° to an anterior foot ......... No reflexes. 
» oF 
Exp. 5.‘ Rana esculenta (Heidelberg). January 12, 1879. 
Water at 33° toa posterior 9 EE No reflexes. 
” 39° ” 
"Exp. 6. Rana esculenta (same as in last experiment). 


PHYSIOLOGICAL ACTION OF HEAT. 
Exp. 2. Same frog. January 11, 1879, 


303 


No reflexes were produced from the anterior feet by the warmed vuhen: 
until the had reached 51°. 


Exp. 7. Rana esculenta. January 12, 1879. 


Water at 33° to a posterior cox ens 


No reflexes. 
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Exp. 8. Same frog. January 12, 1879. | 
Water at 36° to an anterior foot ......... No reflexes. 


Acids applied to the anterior feet produce reflex movements. 
Exp. 9. Rana esculenta. January 12, 1879. 


Water at 46° toa posterior POE wsechsuss Reflexes in 3”. 
» an anterior foot ......... No reflexes. 
6 »  & posterior foot ......... Reflexes in 2”. 
Exp. 10.. Rana temporaria (Geneva). January 16, 1879. 
Water at 30° to a posterior foot ......... No reflexes. 
” ” : ” 
Exp. 11. Rana temporaria (Geneva). January 16, 1879, 
Water at 30° to 33° to a posterior foot ......... No reflexes. 
» 94° to a posterior foot ......... Reflexes in 6”. 
Exp. 12. Rana temporaria (Geneva). January 16, 1879. 
Water at 36° to a posterior foot ......... Reflexes in 2}”. 
” ” ” ” 
= » an anterior foot ......... No reflexes, 
» 34° to a posterior foot ......... Reflexes in 5”. 
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Exp. 13. Rana temporaria (Geneva). January 16, 1879. 
Water at 30° to a posterior foot ......... No reflexes, 
Exp. 14. Same frog as in last experiment. January 16, 1879. 
' ‘Water at 43}° to an anterior foot ......... Reflexes in }”. 
Exp. 15. Rana temporaria, January 16, 1879. 
Water at 34° to an anterior foot ......... No reflexes. 
Reflexes in 5}”. 
Exp. 16. Rana esculenta (Geneva). January 18, 1879. 
_ Water at 30° to a posterior foot ......... No reflexes. 
i 40° oer Reflexes in 4”. 
‘Exp. 17. Same frog. January 18, 1879. 
Water at 40° to an anterior foot ......... No reflexes. 
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Water at 34° toa rior foot Refi in 54” 
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Water at 50° to an anterior foot ......... Reflexes in 53” 
” ” ” 6” 


Exp. 18. temporaria. | 
Jan. 10, 1879. Water at ws to a posterior foot ...... Reflexes in 23”. 


” ” ” ” 23”. 


” 


. Exp. 19. Rana esculenta (from Heidelberg). 


Feb. 27, 1879, Water at 45° to a posterior foot ...... Reflexes in 1}”. 

” ” 1”, 


| Many more. experiments were made, but the above are sufficient 
to illustrate the results of this 2 series of experiments. 


Results of the Experiments. 


1. The lowest degree of heat which produced reflex movements 
when applied to the skin of the toes was 29°C. 


2. Reflex movements result from the application of heated water 
to the skin of a posterior foot at a lower temperature than from a. 
similar application to an anterior extremity of the same frog. There 
was not a single exception to this rule in all my experiments. | 


3. Reftex movements result from the application of heated water 
to the skin of the foot of a frog of the temporaria variety at a lower 
temperature than when the subject of the experiment is one of the 
esculenta variety. This rule was also without exception in my ex- 
periments. The comparison must however not be made between 
anterior extremities of one species and posterior extremities of the 
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other; but between like parts. In my first communication on the 
“ Action of Heat,” it will be seen that the reverse result was obtained 
from wet-heat on the motor nerves. The motor nerves of the Rana 
esculenta were the most excitable to wet-heat, while the ramifications 
of the sensory nerves in the skin are the more sensitive to the same 
agent, in frogs of the temporaria species. 

4. The latent time of the reflexes for the same degree of heat 
in a given foot of a frog varies but slightly, though many days may © 
intervene between two observations (v. Exps. 18 and 19). The varia- 
tions in the latent time of the reflexes in my experiments where acids 
and.electricity were used as irritants, were greater than in those — 
_ ments where wet-heat was the irritant. 


5. The latent time following the first application of a given degree 
of heat was usually greater than that which elapsed in the succeeding 


applications of the same en To this rule there are many 
exceptions. 


6. Up toa certain temperature (in my experiments 48° to 55°C.) 
the latent time diminishes in proportion as the temperature employed 
as an irritant is increased. After this limit is reached the latent time 
suddenly increases with an increased temperature (v. Exp. 16). 


It is a well-known fact that the ramifications of sensory nerves 
in the skin are more excitable than the trunks of the nerves. To 
determine whether or not this was true of wet-heat — as an 
irritant, I made a long series of experiments, 


20. R. temporaria Feb. 16, 1879. 


- Water at 32° to the right posterior foot ......... Reflexes in 2}”. 

The right foot was now skinned. 

Water at 32° to the left posterior foot caiinguis Reflexes in 23”. 

left Reflexes 3 in 23”. 


‘The left er nerve was now exposed, and the rest of the leg cut away. 
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Water at 35° to the sciatic nerve ......... No reflexes. 
85° Reflexes in 82”, 


| The oe, 9 sciatic nerve was now isolated, and the same result was obtained 
as for the left. 


Exp. 21. 2. temporaria (Geneva). Feb. 16, 1879. 


Water at 31° to the right posterior foot ......... Reflexes in-2}”. 
the skin of the right foot. | 
Water at 31° to the skinned foot ......... No reflexes, 
50° Reflexes in 3”, 
Isolated the right sciatic nerve. 


The lowest degree of heat that produced reflexes when sened to the 
nerve was 80°, 


Exp. 22. 2. temporaria (Geneva). Jan. 11, 1879. 


Water at 29° to the posterior foot ......... Reflexes in 133”. 
Removed the skin of the foot. 
Water at 29° to the posterior foot ......... No reflexes. 


Exp. 23. 2. temporaria. Nov. 22, 1878. Isolated the right sciatic 
nerve, and applied heated water to it. The first reflexes occurred at 85°. 


Exp. 24. 2&. esculenta, Isolated the sciatic nerve, and applied heated | 
water toit. The first reflexes were produced when the water commenced to 
boil. 


It is therefore true of wet-heat as of other irritants, that the skin is 
more sensible to it than the nerves under the skin; and that these 
latter are more excitable than the nerve-trunks. Not only is this the 
case, but where water of a comparatively high temperature is em- 
ployed, the latent time from the irritation of the skin is much less 
than when the same irritation is applied to the nerves underneath the 
skin. This is not to be explained on the supposition that the operation 
of removing the skin so influenced the nerves as to make them less ex- 
citable; since pieces of skin left in communication by their nerves alone 
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with the rest of the animal responded to a lower temperature 
would produce reflexes when applied to these communicating nerves. 

A similar fact has been observed for the motor nerve, only in an 
imverse sense. Kilian’, Budge’, Pfliiger® and others, determined 
that the motor nerves were more excitable as the centres were ap- 
proached, 7.e. that the same irritation which would fail to produce a 
contraction when applied to the sciatic nerve near the muscle, would 
produce a contraction when the centres were approached. The nearer 
the irritation approached the centres (points at which nerves were 
given off forming an exception), the greater would be the height of 
the contraction produced. 

The explanation (that of Rosenthal‘ and Heidenhain’) now® | 
generally adopted to explain this difference in the excitability of 
different portions of the same nerve, depends on the now well-known 
fact, that a nerve in the process of dying has its excitability increased 
in the beginning; and as this process always commences near the 
centres, it seemed very possible that the greater excitability of the 
nerves near the centres, in the experiments just alluded to, was due to 
the experimenters working on nerves already in the process of dying. 
This theory may or may not be true, and there is certainly much to be 
urged against it, but it certainly cannot possibly explain why the 
sensory nerve-fibres at the periphery are more excitable than the same 
in the nerve-trunks. _ 

The explanation which I am induced to adopt is, that the sensory 
nerve-fibres do not resist the receiving of an excitation so much at the 
_ periphery as nearer the centres. This may be due to the thickness of 
the sheath of the nerve-fibres being greater in the nerve-trunks, 
but it seems more probable to me that differences between the sensory 
and motor nerve-fibres will be found that will explain why the motor 
nerves are more, and the sensory nerves less excitable, as we leave 
the periphery. : 
‘Were it not that I was working on living animals and not on 
preparations, the statement of Matteucci’ that sensory nerves com- 
mence dying at the periphery might be of weight in this discussion, but 


1 Henle’s Zeitschr. Bd. vi. p. 24. 

2 Froriep’s Tagesber. No. 445, etc. 1852. 

3 Unters. iiber d. Phys. d. Electrotonus, 1859, p. 140. 

4 Alig. med. Centralzeitung, 1859. No. 16. 

5 Allg. med. Centralzeitung, 1859. No. 10 and No. 16. 

* Hermann, Handb. d. Physiologie, 2* Bd. 1 Th., 114, 1879. 
7 Bibl. univ, 1838, p. 361. 
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the circumstances under which I worked shew distinctly that the ex- 
periments were not made on dying nerves. 


The Action of Heated Metals, &c. on the Sensitive Tissues—In July, — 
1877, while engaged in a series of experiments on the effects of dry- 
and wet-heat on frogs, in whom the liver had been removed, I found to 
my surprise that the application of a heated iron to the skin of normal 
-frogs failed to produce reflex movements. ; 

I from time to time repeated these experiments, yet not systema- 
tically until a year later. The results then obtained, and which I 
demonstrated before the members of the Soc. de Physique of Geneva 
(séance of Oct. 3, 1878), were as follows : 


“1. The Rane esculente allow alee to be burned with a hot 
metal without paying the slightest attention to the irritation. 


“2. The Rane temporaria, and the various varieties of toads 
examined, always make the wildest movements to escape when touched 
with heated metals. 


“3. Boiling water applied to the skin of either yeety of frog 
produced immediate movements of escape.” 


At that time I was able to burn the esculenta frogs to a cinder 
without their making the slightest attempt to escape, although they 
were free to do so. The tissues underneath the skin and the nerve- 
trunks themselves were absolutely insensible to this method of irri- 
tation. 

As a modification of these experiments, and to shew that the reflex 
movements produced by hot water or oil cannot be solely attributed to the 
action of heat, a number of experiments were. made, of which the 
following is an example: 

Aug. 28, 1878. Four Rane esculente were taken and their hind a 
dipped into oil at 97° C., strong reflexes occurred. When, however, the 
metal vessel containing the hot oil, and which must have been about the 
same temperature, was brought in contact with the skin of the frogs, no 
reflexes were produced; nor were any produced through the contact 
with the skin of metals which were heated in the oil. Where glass 
was used instead of the metal the.same result was obtained. 

These last experiments also demonstrate: that the lower degrees 
of dry-heat have no more effect than the more intense applications 
of the same. Nor did the extent of skin burned influence the result. 
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After October, 1878, I began to find frogs of the esculenta variety — 
who would respond to the application of the hot iron, but the appli- 
cation had to be continued for a number of seconds before movements 
occurred. Momentarily applied to the skin I have never seen dry-heat 
produce reflexes in this frog, while in frogs of the temporaria variety 
reflexes occurred from such applications in all but a few instances, 

In mammals I made a number of experiments on man, dogs, cats, _ 
rats and mice, and have several times been able to detect an apparent 
insensibility to dry-heat. In two cats the hot iron applied to the 
sciatic nerves failed to produce cries or other reflex movements— 
applied to the skin, however, these effects were produced. An ex- 
periment made on a large brown rat yielded very interesting results. 
A deep burn made in its ear by means of the hot iron seemed only 
to tickle the animal. It brushed its ear with the anterior extremity of 
_ the same side—a movement identical to what it previously made when 
the ear was tickled with a feather—but it made no efforts to escape. 
When the iron which had previously been applied hot, was allowed to 
cool, and the ear then scratched with it, the animals made wild 
movements to escape. Burning its tail with the heated metal caused 
the animal to lazily turn its head and smell the burned part. The 
application of the hot iron to the tissues underneath the skin failed 
absolutely to produce any movements. Heated water applied to any 
part of the skin or underneath the skin, produced the wildest 
movements to escape. 

The same apparent indifference to the application of hot metals I 
have also observed in pigs. 

Thus far I have not met with a human animal who has not comand 

when a heated metal was applied to its skin, but there is very little. 
doubt that such persons exist. Weber’ was the first to say that heat 
was not felt. as heat when the application was made to the tissues 
under the skin. He placed two spatulas in water; one at 87 to 
12°5 C., and the other in water at 45° to 50°C. When these spatulas 
were applied to a surface where the skin had been removed through 
a burn, the patients were unable to say which of the applications was 
warm and which was cold. In the neighbourhood of the wound the 
skin could still tell the difference. Weber concluded from these 
observations that the- organs of tactile sense are the sole organs which 
give us an idea of the Sitterqnioes between cold and heat. 3 


1 Miiller’s Archiv, 1847, p. 342, 
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My experiments, though not contradicting those of the above 
observer, have led to a different conclusion. It will be observed that in 
no instance was wet-heat employed by Weber, but that artificially 
heated or cooled metals were applied to the parts experimented on. 
My experiments were made on two cases of extensive burns of the 
arm. The patients were indeed often unable to say whether the metal 
or glass with which the wound was touched was hot or cold, and thus 
far they confirmed the results of Weber. In a second series of 
experiments, however, a sponge which had been in warmed water 
(50° to 70°C.) was applied to the wound, and was always designated 
as warm in contradistinction to another sponge which had been in 
cold water, which was recognized as cold. In neither case were there 
ever any errors of judgment between wet-heat and wet-cold. In the 
same manner steam was immediately designated as hot and the ether 
spray as cold, when they came in contact with the injured parts. It 
must be added that the neighbouring skin was completely excluded 
by pieces of sponge, so that the substances applied could only affect: 
the burned parts. In neither instance did the burn involve to any 
great extent the deeper layers of the skin. The curious fact however 
remains, that while dry-heat could not be distinguished 
from dry-cold, the difference between wet-heat and cold 
was immediately noticed. 
How are we to explain these There is an idea 
prevalent among physiologists that the reason we are able to remain 
in an atmosphere heated to such a degree as would, under ordinary 
circumstances, destroy all living organisms is, because the evaporation 
from the surface of the body reduces its temperature. This certainly 
has something to do with our tolerance of dry-heat, but I have long 
time been of the conviction that the difference between the tempera- 
ture of dry- and wet-heat which we are able to endure is too great to 
be explained in this way. Tillet’ speaks of girls remaining in a dry 
air temperature of 123°5 C. (280°F.) for ten minutes. The hi-hest 
endured in M. Dobson’s’ experiments was 1035 C. (224° F.), in which 
temperature a human being remained for ten minutes. In his. last 
experiments Blagden® entered and remained in a room for some 
time where the temperature reached 112°4C. (260°F.). All the above 
observations were made under conditions where the air was almost 
absolutely free. from moisture, 


1 Mémoires de l' Acad. d. sciences, 1761 and 1764. 
2 Phil. 1775, p. 463, 3 Ibid, p. 484. 
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In my experiments it was impossible to keep my hand in water at 
50°C. for even a very short period of time. Yet we are asked to 
believe that an evaporation from the human body taking place during ~ 
ten minutes in a room heated to 123'5°C., is the sole explanation 
of the difference in the effect produced by the two forms of heat ! 

_ My experiments give us an explanation which certainly seems 
less naive than the one just alluded to. The agent which acts 
when heated liquids are applied to living tissues differs 
from that which acts when dry-heat is applied. Were there 
not an essential difference between the agents at work in the two 
instances it would be impossible to explain why the vessel in which 
a heated liquid is contained, which heated liquid produces reflexes 
when applied to the skin, fails to produce the slightest movement 
when applied to any portion of the sensitive tissues of the frogs 
experimented on, Again, how should we be able to explain the differ- 
ences observed by me between the action of the two forms of heat on 
portions of the body which have been largely denuded of their skin ? 
unless we accept differences in the nature of the acting agents. 

It is very possible that in the case of the hot water, the siete’ 
action of the water is only facilitated by the heat. It is a well-known 
fact that distilled water alone when left in contact with various 
forms of albumin, produces after some time the same changes which 
heating the water produces much quicker. In these cases the ap- 
plication of the heat certainly only facilitates the effects which are 
produced by the action of the water alone. For an example of this 
I need only allude to the action of water on myosin. 

A peculiar indirect effect of the hot iron was that it, 
when applied several times in succession to the skin of one of the 
posterior extremities of a R. esculenta, produced loss of both reflex and 
_ voluntary movements. This abolition of movement never occurred in the 
anterior extremities. In four of my experiments it occurred, not only 
in.the posterior extremity which had been touched by the iron, but 
also in the extremity of the opposite side which had not been injured, 


- 


Exp. 25. Nov. 17, 1878. Rana esculenta (Geneva). The hot iron 
-applied to the right posterior extremity fails to cause the animal to make the 
slightest movement. The frog was now placed over water. Several hours 
later, on examining him, I found both hind legs absolutely paralysed. When 
the animal makes a voluntary movement of the anterior extremities the hind 
legs remain motionless. Irritation of the skin of the anterior parts of the 

‘body fails to produce movements in the posterior parts, 
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Irritation of the skin of the posterior extremities produces no move- 
ments—either of the fore or hind legs. The animal remained in this 
condition until its death, two days later. 

26. March 12, 1879. Rana esculenta. The hot iron was applied 
to the skin of the right posterior leg, but no reflex movements resulted. The 
left leg was not injured. On the morning of the 13th, I found the frog with 
both its hind legs paralysed ; while its fore legs moved normally. Irritation 
of the motor nerves of the paralysed legs produced movements in the tribu- 
tary muscles. 

In the two other experiments the same result was obtained. 

The fact that the leg which was not injured was also. paralysed, 
and the fact that the sciatic nerves in such cases are still excitable, 
shew that this paralysis is central and not peripheral. It cannot be 
cerebral or the anterior extremities would also be involved. It must 
therefore be spinal. The hot iron applied to the skin must, 
in spite of its not producing reflex movements, have made an im- 
pression on the spinal cord, which caused such changes as 
to rapidly produce the total abolition of the functions of 
a large portion of this organ. 

The above result is important, as it experimentally demonstrates — 
the possibility of apparently trivial peripheral impressions producing 
profound and durable alterations in the nerve-centres. 

_ The Action of Heat on the Afferent Vascular Nerves.—Griitzner* 

found that heating the central portion of the sciatic nerve to from 40° 
to 50°C. produced a decided rise in the blood-pressure. In several 
experiments made in the autumn of 1877 under my supervision by 
Dr Seabrook, I saw a similar rise in the blood-pressure follow the 
application of boiling water to the abdomen of dogs. This rise of 
pressure was always followed by a fall. 

More recently I have made a number of experiments, employing 
the hot iron as an irritant. The application of this agent to the toes or 
any portion of the skin of cats produced only the slightest inclination 
_ to rise in the blood-pressure (the animals were previously curarized). 
Applied to the central portion of the sciatic nerve the rise was some- 
what greater; while the application to the central end of a pneumo- 
gastric nerve produced a greater rise, than that produced by strong 
galvanic irritation of the central end of the sciatic nerve. The aug- 
mented blood-pressure produced by the application of the hot iron 
to the central end of a pneumogastric nerve continued at its maximum 
for nearly a minute after the irritation was removed. : 
1 Pfliger’s Arch. Bd. 17, p. 215, 1878. 
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The Effect of Section of, various: of the Nervous-System on 
the Action of Heat on the Sensitive Tissues. 


Experiments made with Wet-Heat. 
Exp. 27. 2. temporaria. January 11, 1879. 


“Water at 30° to the anterior feet ......... No reflexes. 
= " posterior feet ......... Reflexes in 11”. 
The cerebral lobes were now completely separsted from the rest of the 
Water at 30° to the anterior feet ......... Reflexes in 3”. 


Observations.—After removing the intakes of the cerebral lobes on the 
production of the reflexes, a degree of irritation which previously produced no 
reflexes now produces reflexes. Not only is this the case, but the latent- or 
reaction-time is much diminished for such irritations as previously produced 


movements. 
Exp. 28. 2. temporaria. January 16, 1879. | 
Water at 32° to the posterior feet ......... No reflexes. 
A section of the brain was now made through the upper portion of the 


Water at 32° to the posterior feet ......... Reflexes in 3”, 
Exp. 29. 2. temporaria. January 16, 1879. 


Water at 32° to the posterior feet ......... Reflexes in 10”. 
A section of the brain was now made just above the cerebellum. 

Water at 32° to the posterior feet ......... Reflexes in 5”. 
Exp. 30. 2. temporaria. January 16, 1879. 

Water at 32° to the posterior feet ......... No reflexes. 
Section through the middle of the medulla-oblongata. 

Water at 32° to the posterior feet ......... Reflexes in 2}”. 


In the experiments of-which the foregoing are examples, it was 
found that a section made at various heights of the brain invariably 
caused the spinal reflexes to he augmented in intensity. The latent- 
or reaction-time of such reflexes was very much diminished. These 
facts shew that the effect of an irritation was more intense after than 
before the brain-sections, This may seem to indicate that the brain, 
4 PH. Il. 24 
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or some portion of it, exerts normally a specific depressing action on 
the reflex functions of the spinal-cord, and may perhaps be used by 
the advocates of the theory which demands the existence of a “reflex 
inhibitory-centre” in the brain. Further experiments which I have 
made shew that if a centre exists in the brain which inhibits the 
spinal reflexes, one must also exist in the posterior portion of the spinal- 
cord which inhibits the reflexes occurring in the anterior portion of the 
cord and brain. a 


Exp. 31. ana temporaria. January 11, 1879. 


Water at 30° to the anterior feet. ......... No reflexes. 
35° Reflexes in 5”. 
anterior feet ........ 54”. 

The spinal-cord was now cut at the third vertebra. 
Water at 30° to the anterior feet ......... Reflexes in 7”, 

posterior feet ......... | 24”. 
anterior feet ......... 24”. 


 Observations.—In this experiment section of the spinal-cord not only 
increased the excitability of the sensitive tissues posterior to the section, but 
also influenced the parts situated anterior to this point in the same manner, 


Exp. 32. Rana temporaria. January 10, 1879. 1 
Water at 40° to the anterior feet ......... Reflexes in 2}”, 


At 3.04 p.m., all the spinal-cord situated posterior to the third vertebra 
was destroyed, 


3.08 p.m. Water at 40° to the anterior feet ...... Reflexes in 1}”. 
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Jan. 11,10 a.m. Water at 40° to the anterior feet ...,.. Reflexes in 1}”. 
» 12, 10.30 am. 
” ” ” if’. 
” ” ” 14”. 
Section of the brain through the ganglionic bodies. 
Jan. 13, 3.09 p.m. Water at 40° to the anterior feet ...... Reflexes in 1”. 
” ” ” ” 
” 16, 10 A.M. ” ” ” 
” ” ” E's 


Observations.—Destruction of the posterior portion of the spinal-cord 
diminished the latent- or reaction-time of the reflexes for the anterior extremi- 
ties. Section of the brain made several days later again diminished the 
reaction-time, ; 


Experiments made with Heated-Metals. 


Exp. 33. Rana esculenta. Sept. 2, 1878. The red-hot iron (2 mm. in 
diameter) was drawn over various portions of the skin of the body and ex- 
tremities without the animal in the least appearing to mind it. 

The frog was now decapitated, after which operation reflexes resulted from 
the application of the hot iron to any portion of the skin. 


Exp. 34. On three esculenta frogs from Berne. Sept. 28, 1878. They 
shew no sign of feeling the hot iron, or even the Bunsen flame, when this was 
brought to bear on their skin. 

In two of the animals the whole brain, and in the third the hemispheres, 
were destroyed. ‘lhe frogs immediately became sensible to the hot iron, and 
remained so until December 2nd, when they were killed. | 


Exp, 35. Rana esculenta (Berne). Nov. 8, 1878. The brain was ex- 
posed under ether. After the effects of the etherisation had passed off, the 
animal was found to be everywhere insensible to hot metals and glass. The 
brain was then removed, after which the same irritants produced reflex- 
movements, 
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. 36. Rana esculenta (Berne). Nov. 21, a. AP. The skin is abso- 
lutely insensible to the hot metal, After the brain was destroyed down to 
the medulla-oblongata, the skin became sensible to the hot iron. 

A large heated surface of steel applied to the skin produces reflexes in the 
same time as the heated point of an iron wire, 


The structures underneath the skin and the sciatic nerve are not sensible 


to the hot iron. 


The foregoing are characteristic experiments taken from a long 
series which I made to prove the interesting fact which they shew. 
With other irritants it has often been noticed since the time Schiff 
first spoke of it’, that the reflexes which they produced from the 
skin were augmented in intensity by destroying the brain or portions of 
it. In the case of the hot iron, however, we have an irritant that 
in certain frogs, which have not been previously injured, fails to 
produce any reflexes when applied to the skin, yet when a portion | 
of the brain is removed such reflexes occur from the same irritation. 
The removal of the brain not only causes the intensity of the reflexes 
to be augmented, but also causes them to be produced where they 
previously never occurred. 

The fact noted in Exp. 35, that even after destruction of the brain 
the sciatic nerve does not become sensible to our irritant was almost 
constant in the experiments made on frogs of the esculenta variety. 
In no frog did I ever see the application of the hot iron to the central 
end of the sciatic nerve produce any movements, provided the central 
nervous system of the animal was intact, In toads movements always. 
occur under these circumstances, 

It is well known that when frogs are quietly held on their backs 
for a short period of time they will remain in this position for some 
minutes after the retaining hand is removed. It occurred to me that 
if this be due to a portion of the brain being placed out of function, 
a frog under these circumstances might respond to the hot iron even if 
it previously was insensible to this agent. This experiment though 
repeated very often always gave negative results. Slight irritations 
with other irritants invariably aroused the animal from this state of 
seeming sleep, but the application of the hot iron failed to have any 
effect. 

With the narcosis produced by alcohol I several times succeeded 
in causing frogs, who previously were insensible to the hot iron, to 
become sensible to this irritant. 


1 Lehrbuch d. Muskel- u. Nerven-Physiologie, 1859, p. 201. 
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Exp. 37. Rana esculenta (Berne). Nov. 21, 1878. The hot i iron is not 
felt when applied to the skin. 
Injected one cub. cent. of alcohol under the skin of the back. 


In 15 minutes voluntary motions ceased; the hot iron now produces 
reflex-movements. 


- With the other narcotic and anssthetio agents I never succeeded in 
producing this effect. 

‘The facts just presented could be readily explained on the theory 
that the brain has a specific action in inhibiting spinal-reflexes. But 
before accepting this explanation as proven, we must make our crucial 
experiment. If after section of the spinal-cord of frogs that did not 
feel the hot iron, only the parts posterior to the section become sensible 
to this agent, we should almost be forced to conclude with Setschenow 
that there exists in the brain an inhibitory centre for the spinal re- 
flexes. If, however, the parts both anterior and posterior to the 
section become sensible to our method of irritation, we shall be com- 
pelled to seek another explanation for the facts observed. | 


Exp. 38. Rana esculenta (Heidelberg). January 25, 1879. 

From no portion of the skin can reflexes be excited by the hot iron. 

The spinal-cord was cut across at the third vertebra. 
_ The animal now feels the hot iron both anterior and posterior to the point 
of section. 

Jan. 28, 1879. The hot iron is felt when applied to the anterior as well 
as when applied to the posterior extremities. 

Jan, 31, 1879. The same result was obtained as last noted. 


Exp. 39. Rana esculenta (Berne). March 15, 1879. 

The hot iron fails to produce reflexes from any part of the skin. 

The spinal cord was cut at the third vertebra. 

When the hot iron is now applied to any portion of the anterior or 
posterior extremities, reflex-movements are immediately produced. 


Exp. 40. Rana esculenta (Geneva).’ May 11, 1879. 

The animal fails to move when the hot iron is applied to any portion of 
the skin. 

Cut the spinal-cord at the third vertebra. 

Thereafter the animal feels the hot iron both anterior and posterior to the 
point of section. 


Exp. 41. Rana esculenta (Geneva). Oct. 18, 1879. 

The hot iron applied to the skin of the anterior or posterior extremities 
fails to produce reflex-movements. 

Cut the spinal-cord at the third vertebra. 

Oct. 19, 1879, The hot iron applied to the anterior or posterior extremi- 
ties now produces reflex-movements. 


_ These experiments were often repeated and always gave the same 
result. It must here be added that the reflexes produced by the 
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application of the hot iron to the anterior extremities after section 
of the spinal-cord were never as extensive as those produced by the 
application of the same irritant to the parts posterior to the section. 

Having in this manner disproved for our experiments a specific 

influence of the brain in preventing reflexes, the only theory which 
can at all explain the observed facts is that given by Schiff’. His 
theory is, that the effect of an irritation on any one por- 
tion of the nerve-centres is greater the more this irrita- 
tion is prevented from extending itself to other portions — 
of the nervous system. 
_ The last experiment decidedly confirms this theory. After section 
of the spinal-cord the anterior extremities are irritated. The irritation 
is prevented from extending itself to the posterior parts of the spinal- 
cord, and consequently its effects are all the more intense on the 
portions of the nervous system which it can reach. Movements after 
such a section therefore result from the application of the hot iron 
to the anterior extremities. The increased effect of the irritant while 
the brain is still in communication with the parts irritated, absolutely 
proves that the previous failure of the hot iron to produce move- 
ments could not have been due to cerebral inhibition of the re- 
flexes. 

This being true, it is more than probable that the effects of de- 
struction of the brain on the sensibility to the hot iron can be similarly 
explained, Our irritant under normal circumstances in most frogs of the 
esculenta variety has no visible effect, yet when its effects are limited 
to the spinal-cord by destruction or section of the brain, movements can 
be produced by it. - This is almost proven by several experiments 
which I made during the month of July (1879). In these experiments, 
though the brain was destroyed, the frogs did not feel the heated 
metal. The spinal-cord was then cut across. After this operation 
the irritant was felt anterior and posterior to the point of section. 
The effects produced by the irritation were not sufficiently concen- 
trated. by the destruction of the brain to produce movements; but 
by still further limiting their extension the saeeacies effect was pro-— 
duced. 

These last results recall one fact about the action of heated metals — 
which I had well-nigh forgotten to mention, It is that the sensibility 
of frogs of both species to this agent is greater in the winter than in the 
summer months. While during the months of July, August, and 

1 ¢. p. 200, 
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September (1878 and 79), at Geneva, I never found a Rana esculenta 
that responded to this method of irritating the sensory structures; from — 
November to April (1878—9), very many of this variety of frog shewed 
evidences of feeling the hot iron, provided this was applied a sufficiently — 
long time. During the winter months all the Rane temporaria felt 
this agent, but during the summer a number remained absolutely pas- 
sive when the heated metal was applied to their skin. 

There is a theory which is advocated in almost all the text books on 
- Physiology, in spite of the facts being against it, and in spite of the 
cardinal fact that its own author lets no opportunity pass by to repu- 
diate it. I allude to Brown-Sequard’s theory that section of one- 
half of the spinal-cord produces loss of sensibility on the opposite side 
posterior to the section, 

It is a singular fact, that, in spite of the evidence which has been 
_ adduced against this theory, in the edition of Funke’s Physiology, 
edited by Griinhagen (2nd part), Professor Schiff is reproached for 
holding views which oppose those formerly held by Brown-Sequard. 
Had Professor Griinhagen visited the Physiological Laboratory of 
Geneva he certainly would have spared his reproaches. During the 


_ past year Professor Schiff made a large number of experiments on 


the spinal-cords of dogs, in some of which a section of fully three- 
fourths of this organ was made. In every instance of this kind the 
animal was sensitive to pain in both posterior extremities. 


The two following experiments, taken from a series which I made 
on frogs, shew that hemisection of the spinal-cord in these animals 
- certainly does not produce anesthesia in either posterior extremity. 
On the contrary, a state of ae was produced in all four 
extremities, 


Exp. 42. Rana esculenta, January 25, 1879. 


. The animal fails to move when the hot iron is applied to any of the four | 
extremities, 

10.15 a.m., section of the third vertebra on the right side of three-fifths of 
the spinal-cord. 

10.55 a.m., the two anterior and the left posterior extremities are moved 
together. The right leg remains rigidly extended. The irritation of either 
posterior extremity with the hot iron produces movements of the posterior 
extremities, of the anterior extremities, and of the head of the animal, 
Irritation of the anterior extremities has the same effect. 


2 p.M., the right leg is now moved with the others. All parts are still 
_ sensible to the hot iron. 
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Jan, 26, 1879. The same result was obtained as at the last note. 


Jan. 31, 1879. 


produces the movements before 


Exp. 43. Rana esculenta (Berne). February 15, 1879. 


The animal remains passive when the hot iron is applied to any part of 
the skin. The spinal-cord was at the third vertebra, and a section of 
more than the half was made on the left side. _ 


Feb. 16, 1879. All four limbs are moved together, the left posterior a 
trifle slower than the right. Irritation of any of the extremities with the hot 
iron produces movements in the posterior and anterior legs, and also of the 
eyes. These latter organs close every time the irritant is applied. Very 
often the movements produced did not extend themselves to the opposite leg, 
but yet occurred in the parts anterior to the section. 


Feb, 21, 1879. The same results are still obtainable. 


This hyperesthesia I think can be explained by the difficulty which 
the sensitive impressions found in distributing themselves freely through 


the spinal-cord, and as a consequence, their influence on the parts — 


which they did reach was increased. It must also be remembered 
that these experiments were made at a season when the esculenta frogs 
were least insensible to the sensory action of the hot iron, and conse- 
quently, but a slight limiting of the extension of the irritation had the 
required effect. 

There was certainly no anesthesia produced in either posterior 
extremity, for had there been such an effect, the movements of the 
head and eyes would not have followed the application of the hot iron 


to these parts. 
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THE BLOOD-PRESSURE AND ITS VARIATIONS IN 
THE ARTERIOLES, CAPILLARIES AND SMALLER 

_ VEINS. By CHARLES 8. ROY, M.D., George Henry Lewes 

Student, J. GRAHAM BROWN, M.D. (PL X) 


In experimental work of this kind much depends upon the reliability 
of the method of investigation employed, and we consider it necessary, 
_ on that account, to describe somewhat minutely the different apparatus 
which we made use of in the course of our observations. We believe 
that with the various arrangements we employed for measuring the 
height of the blood-pressure in the peripheral vessels, numerical data 
of very considerable accuracy may be obtained. The more important 
conclusions, however, which may be drawn from the results of our 
experiments, are of a kind which would not be directly affected even 
_ by a much wider margin of error than that which it is believed may 
_ reasonably be ascribed to the method of enquiry. 

N. vy. Kries’ is apparently the only observer who has attempted to 
measure, more or less directly, the pressure of the blood in the capillaries. 
His measurements were made on the vessels of the human skin, that 
portion on the back of the distal phalanx of one of the fingers 
immediately behind the nail being found most convenient for his 
purpose. The method he employed consisted in pressing, by means 
of weights, a small glass plate of known area upon the portion of skin 
selected, and finding the weight required to produce a distinct whitening 


Eries. “Usher den Druck in den Blutoapillaren der menschlichen Haut.” 
Ber. d. siichs. Ges. d, Wissensch. 1875, and Ludwig’s Arbeiten. 


» 


PH. II. 25 


4 
4 
4 
a 
3 
J 
e 
2 
ig 
¢ 


324 C. §. ROY AND J. GRAHAM BROWN. 


_ of the compressed, as compared with the surrounding skin. The plates 
he used were of various sizes, varying from 2°56 to 4°56 sq. mm. Given 
the area of the plate made use of and the weight employed to press 
it against the skin, it is of course easy to calculate the equivalent water 
or mercury pressure. In making his experiments he assumed that the 
pressure which sufficed to cause an evident change in the colour of the 
small area of skin lying under the glass plate, was equal to the pres- 
sure of the blood in the capillaries lying nearest the surface, being led 
to suppose from theoretical considerations that the more superficially 
situated vessels would be fully exposed to the influence of pressure, 
such as he used, applied to the surface of the skin, while the more 
deeply seated capillaries would be protected in some measure by the 
elasticity of the tissues; and taking it further for granted, that the 
first distinct change in colour, produced by gradually increasing the 
pressure on the spot of skin, was to be looked upon as indicating a 
collapse of the upper layer of capillaries. That, with small plates such 
‘as those employed by v. Kries, the deeper lying capillaries would 
be less pressed upon than those lying under the epidermis, is probable 
enough. At the same time, the degree to which the elastic resilience 
of the tissue lying between the plate and the bone would lessen the 
true extravascular pressure as compared with that applied, must 
necessarily vary greatly with the area-of the glass plate employed. 
We cannot assume, moreover, that the elasticity of the compressed 
tissue would not also protect to some extent the superficial capillaries 
from pressure applied to the surface of the skin. How far this would 
be the case, could not, of course, be learned for any given measurement. _ 
That the first distinct whitening of the skin, produced on gradually 
increasing the weights used to press the glass plate on the portion of 
skin, could be taken as evidence of collapse of the upper layer of 
capillaries, is, we believe, only permissible on the assumption, firstly, 
that the walls of these capillaries, as well as of those lying deeper, and 
which assist in giving a reddish colour to the skin, are practically 
’ inelastic, and secondly, that the extra-capillary pressure which will 
cause collapse of the capillaries of a given plexus, will be the same for _ 
all of its component vessels, According to our own observations neither 
of these suppositions is correct, as we hope to shew further on. It 
would be unfair, however, to criticize v. Kries’ method as one which 
was supposed to give absolute values; it was only upon the relative 
values obtained under varied conditions that weight was laid by the 
author referred to, and against these there cannot be much objection. 
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Methods employed. 


Our observations were confined to tissues, the capillary circulation 
of which could be watched through the microscope. Of these, the web 
of the frog was. preferred, as a rule, since it possesses the great ad- 


vantage of permitting a study of the phenomena of the blood-flow 


through the minute vessels without interfering to any important extent 
with either the general or local circulation, To control the data ob- 
tained, however, most of our experiments were repeated on the tongue 
and mesentery of the frog and on the tails of newts and small fishes. 
As might have been expected, the principal facts learned are of such 
a nature as to leave little doubt of their genera! applicability to the 
peripheral circulation of warm-blooded animals. 

In Fig. 1, Pl. x., is represented (somewhat diagrammatically for 
clearness sake, and enlarged to about twice the natural size) one of 
the arrangements which was employed, and which was finally found 
the most convenient’. In the centre of the brass plate /, measuring 
10 cm. long by 4°5 broad, is screwed the small cylinder a which is 
closed below: by the little glass plate b, the junction of which latter 
with the brass is made air-tight. The upper outlet of the cylinder is 


closed by the delicate transparent membrane d, which presses upon 


the web, tongue, or other part examined, when the pressure of the air 
within the cylinder is raised. Counter-pressure is exerted by the 
thin glass plate h, which is so arranged that it can be fixed at any 
desired height above the cylinder a. The part to be examined is 


placed between the cylinder and the glass plate 4, which is lowered 


as far as is possible without causing compression of the tissue between 
it and the edge of the cylinder. The arrangement is shewn in the 
figure, g being intended to represent the web seen in section. 

It need scarcely be said, that the membrane which closes the little 
cylinder must possess certain qualities without which but little ac- 
curacy could be claimed for the method. (a) It must be sufficiently 
transparent to allow of the capillary circulation being seen clearly even 
with high power objectives. (6) It must be flexible enough to transmit 
equally to the tissue examined the pressure of the air contained within 
the cylinder. (c) It must be as inelastic as possible, or, at all events, 
its elasticity coefficient (to use a convenient but scarcely accurate term) 
must be considerably greater than that of the web or other tissue 


1 The instrument can be supplied by Robert Fulcher, 18, Panton Street, Cambridge. 
25—2 


+g 
4 
‘ 
¢ 
<a 
vd 
va 
fi 
ag 
| 
my 
ig 
54 
“a 
vi 
i 


326 ©. 8. ROY AND J. GRAHAM BROWN. 


against which it presses, so that the latter may not be stretched to 
any important extent when the pressure in the cylinder is raised. 
(2) The manner in which it is fastened on the cylinder must be such, 
that the pressure acting on that part of the web, tongue, &c. which lies 
within the field of the microscope, 1.¢e. the part lying in the centre 
of the area of contact between the web and membrane, will, when 
the instrument is arranged as in Fig. 1, be exactly equal to the pressure 
of the air within the chamber or cylinder a. 

The first three of these conditions are fulfilled to perfection by 
the membrane which we used, and which one of us’ has elsewhere 
referred to in connection with other apparatus for physiological work. 
It is an exceedingly delicate, and when moistened with water, almost 
perfectly transparent membrane of excessive flexibility, while it is, at — 
the same time, more than sufficiently inelastic to fulfil the part required 
of it here. It is prepared, we understand, from the peritoneum of the 
calf, and may be obtained from many druggists who employ it for 
fastening the stoppers of perfume bottles. It must not be confounded 
with the much thicker membrane which is also used for the same 
purpose. 

The fourth requirement mentioned above, regarding the manner 
in which it must be fastened on the cylinder a, is illustrated by the 


diagram—Fig.2. The way we managed is as follows. A piece of the oS 


membrane, having been moistened with water, is placed over the little 
cylinder a, into which it is then pushed with the rounded end of a 
glass rod or other suitable object, so that it takes up the position 
represented in section by the dotted line a. It is then securely tied 
by a thread resting in the groove cut for the purpose at the upper edge 
of the cylinder, On now raising the pressure within the chamber a, 
by introducing air through the tube c, the membrane bulges out in 
the manner indicated by the interrupted line a When, however, 
it is prevented from taking this position by the presence of the glass 
plate A, or rather by the web, or other part, which is placed below the 
latter, it applies itself to this tissue in the way ——€ by the 
line d. 

That, in the middle of the area of contact, the presence of the 
membrane will not in any way interfere with the conveyance of the 
pressure of the air within the cylinder to the web, might, we believe, 
be safely taken for granted. In order, however, that there may be 


1 Roy. “On the influences which modify the work of the heart.” This Journal, 
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no room for doubt on this point we have made a number of control 
experiments, which will be referred to further on. 

The pressure of the air within the cylinder—that. pressure to 
which the tissue lying within the field of the microscope is sub- 
jected—is regulated by an arrangement which is illustrated by Fig. 4. 
The caoutchouc bag a, containing air, can be compressed between 
the brass plates 6, hinged together at one end, and which can be 
approximated by means of a screw. A T tube connects the caoutchouc 
bag on the one hand with a water manometer, and on the other 
with the cylinder a (in Figs. 1 and 2). In this way the pressure 

within the chamber a can be regulated with the greatest nicety. 
| As will have been seen from the figures on Pl. x., the brass 
plate f rests on the stage of a microscope, the optical axis of which 
_ passes vertically through the cylinder a’. 

In the case of the web, care was at first taken that no part of 
any of the toes was included within the area to be compressed. It 
was afterwards found, however, that this precaution was unnecessary, 
the result of raising the pressure applied being the same so long as 
the part lying in the microscope field was not too near one of the toes. 

In our earlier observations one or two methods, differing from the 
above described in detail, but similar in principle, were employed. 
One of these consisted in placing the cylinder to which the membrane 
is tied, above the web, the little cylinder being screwed to the objective 
of the microscope, and being closed above by it. In. this case the 
cylinder was made of such a length that when the tissue was in focus 
the end of the little brass tube was almost in contact with the part 
examined. Here, the air cushion pressed the tissue against a glass 
plate placed on the stage of the microscope. In other respects the 
arrangement was the same as that first described. This method was 
very handy, but as it did not permit of high-power objectives being 
used, it was abandoned. 

The modification, illustrated by Fig. 3, may be referred to here. 
We employed it to convince ourselves that the pressure applied to 
the tissue in the centre of the compressed area is really that which 
is signified by the manometer. The little round chamber a, closed 
above by the glass plate b, and on the under end of which a membrane 
is fastened, is held by an appropriate holder immediately above the 


1 The internal diameter of the cylinder in the instrument which has been chiefly used 
is 2°8 mm., and the height of its upper edge above the surface of the brass plate in which it 
is screwed is 6 mm. 
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web, but not in contact with it. The ordinary glass slide e, upon 
which the web g rests, serves to exert a counter pressure, In order 
to prevent the membrane bulging out laterally, there is placed round 
the lower part of the little cylinder, but not connected with it in 
any way, a light ring of waxed paper, seen in section as d. The 
paper ring rests upon the web, and is so light that its presence has 
no appreciable influence on the circulation of the part. 

In so far as the pressure is concerned, we have, with this arrange- 


‘ment, included a portion of web within a rigid box, closed below by 


the ‘glass slide lying on the: microscope stage, above by the little 
glass plate b, and limited laterally by the cylinder and the ring of 
waxed paper and the membrane. There is, at the same time, no 
interference with the entrance and exit of blood to and from the 
part of the web to be examined, other than that intentionally pro- 
duced by raising the pressure within the chamber. _. | 

We have made a number of careful experiments with this little 
apparatus, comparing the results obtained by its help, with those 
given by the simpler arrangement illustrated by Fig. 1, and have 
thoroughly convinced ourselves that, for any individual case, caeteris 
paribus, the arterioles and capillaries of a given part are made to 
collapse at the same pressure with both methods. We do not pre- 
tend, of course, that, with the arrangement represented in Fig. 1, the 
pressure on the web is equal over the whole area of contact between 
it and the membrane. Doubtless, at the edge of this area, the pressure 
applied will be somewhat less than it is at the centre. It is only 
the central part, however, which can come within the microscope 
field, and for this part, as already mentioned, the pressure which acts 
upon the tissue is correctly indicated by the manometer. © 

Before describing the results: arrived at, it may be ndceaile. to 
consider briefly, what relation the pressure applied to a portion of 
tissue such as the web bears to the pressure which acts on the 
outside of the vessels of the part. The first point to be considered 
in a question of this kind naturally is, whether the normal extra- 
vascular pressure be higher or if it be equal to that of the atmo- 
sphere. It is not uncommon to encounter, scattered through medical 
literature, references to an imagined support which the capillaries 
receive from the tissue in which they are imbedded, There do not 
appear to be any facts in support of such a view, and against it 
there is the fact, that the pressure of the lymph (which has free 
access to the interstices between the tissue elements) is but very 
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slightly, and sometimes not at all, above that of the atmosphere. In 


cases of oedema it is another matter; in them the pressure of the 


exuded lymph, as need scarcely be remarked, may reach a very 
considerable height. The simple experiment, of cutting off a frog’s 
foot and watching the result on the contents of the vessels of the 
web, suffices, we believe, to shew that the extravascular pressure is 
in normal circumstances practically that of the atmosphere. On the 
leg or foot of the frog being amputated, the current of blood through 
the vessels of the web gradually ceases, but the capillaries rarely 
become empty, a certain quantity of fluid blood remaining stationary 
in their interior. As both arteries and veins are open, if the extra- 
vascular pressure were but a little higher than that of the atmosphere 
this would not occur. If we place the web of such an amputated leg 
between the cushion and the glass plate of the little apparatus which 
has been above described, and raise the pressure a few millimeters of 


water, the blood immediately begins to stream out of the vessels of 


the compressed part, and their walls are collapsed. A pressure equal 
to half a centimeter of water suffices to produce this result, When 


so low a pressure applied externally is sufficient to empty the capilla- 


ries, we may reasonably assume that the normal extravascular pressure, 
which was unable to do this, must be so little above that of the 
atmosphere that its influence may safely be ignored, as unlikely to 


lead to error with a method such as the one we employed. The 


little experiment just referred to also shews us that the epithelial 
layer and the tissues in which the capillaries are imbedded do not 


protect the latter from the influence of compression applied to the 


exterior of the part. For the above reasons, we believe that there is 
no room for doubt that with the instruments we employed the pressure 
which acts on the outside of the web is practically that to which 
the exterior of the vessels of the part is subjected. 

The frogs used (R. esc. as well as R. temp., and the greater 


number winter frogs) were, for the most part, uncurarized, as we soon 
learned that the blood-pressure of curarized animals is liable to varia- 


tions which do not occur in the case of frogs which have not been 
placed under the influence of this drug. It was found that it is 
very easy so to fasten a frog upon an appropriate holder that, while 
the foot and body are kept fixed, the general circulation is little or 
not at all interfered with. The animal may, as we learned, be kept 
under observation with the microscope for many hours on end, with- 


- out the slightest fall in the blood-pressure resulting. 
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The greatest care in attending to details is, it need scarcely be 
said, necessary in investigations such as those in question here. For 
this reason, it may be advisable to refer to the manner employed 
for fastening the frogs for examination. Through the narrow slip of 
wood upon which the animal rests are cut, near one of its ends, two 
large holes to allow the passage of the piece of tape which is used 
to fix the fore-limbs. The circulation through these is necessarily 
interfered with to some extent by their being so held, but this it 
is scarcely possible to avoid without curarizing the animal, and there- 
by introducing a more serious cause of error. One web having been 
spread out and fixed by threads to the forked extremity of the holder, 
the other leg is bent upon itself, as when it is drawn up volun- 
tarily by the animal, in which position it is held by a tape passing 
loosely round it, It is not difficult so to arrange the tape that it 
will only press upon the leg when extension is attempted. The leg 
corresponding to the web which is to be examined is prevented from 
being drawn up by means of pins stuck into the wood on each side 
of it. These are placed so that, while they effectually prevent the 
least flexion, they do not press upon the limb when the latter is 
at rest. Usually one was placed on the inner side of the ankle, a 
second on the outer aspect of the knee, and a third on the opposite 
side of the body close to the pelvis. These are stuck somewhat 
_ obliquely into the wood, so that they overhang the part next them, 
and prevent the leg being raised from the board. 

In these circumstances the frogs will often remain quite motion- 
less for many hours on end, in a condition more or less closely 
resembling the so-called “magnetized” state which can be so readily 
induced in birds and some other animals, — 

When the tongue or mesentery was examined the frogs were 
curarized. for studying the pressure in the vessels of the tail of 
_ the fish, a small trough similar in principle to that recommended 
by Caton was used, and in this case an arrangement such as that 
illustrated by Fig. 3, but without the paper ring, was employed. 


I. Changes in the Circulation which result from increased 
extravascular pressure. 


The effects, on the circulation, of raising the extravascular pressure 
over a limited area, differ so much in the case of the arterioles, the 
capillaries, and the rootlets of the veins respectively, that we think it 
best to take these into consideration separately. The changes so pro- 
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duced are so uniform, whether the web, tongue, mesentery, or other 
suitable part be the object of study, that the same general description 
will hold good for all of these. 

a. Changes in the arterial circulation. In the case of terminal 
arterioles, which break up into capillaries within the field of the 
microscope, the phenomena observed, as the extravascular pressure is 
gradually raised, are not by any means what we should expect @ priors. 
As the pressure, to which the portion of tissue examined is subjected, 
is raised higher and higher above that of the atmosphere, the current of 
blood through the smaller arterioles loses the equable character which 
it normally presents. A rhythmic variation in rapidity, each increase 
corresponding with a heart-beat, becomes more and more marked as 
the extravascular pressure is gradually raised. In other words, a pulse, 
which could not be detected in the small arteries while the tissue was 
uncompressed, becomes more and more evident. Asa rule there is no 
perceptible variation in the diameter of the vessel accompanying the 
successive pulse-beats, which consist merely in a variation of the 
rapidity of the blood-current. Between the pulse-beats the current is 
slowed, and when a certain pressure is reached, the column of blood in 
the artery stands for an instant at rest at each successive interval 
between the ventricular contractions. 

The pressure required to produce this temporary arrest in the 
circulation through the terminal arterioles, can always be found, for any 
given vessel, with the greatest exactness. For this reason we have 
been in the habit of noting it, as giving a definite value which could 
serve as a basis for comparison in our observations. We will refer to 
it as the “minimum arterial pressure,” reserving, for the present, the 
question as to how far it corresponds with the actual minimum blood- 
pressure within the artery. 


The influence of the respiratory movements on the blood-pressure of the 
‘frog is excessively slight, and a line connecting, in an ideal pressure-curve, 
the highest or the lowest parts of the pulse-waves would be practically 
straight. The term “minimum blood-pressure” applies therefore to the 
lowest points between the primary or pulse-waves. 

Reference will be made further on to secondary waves which not infre- 
quently present themselves in the frog, and which are more or less analogous 
to the Traube-Hering curves with which we are acquainted in kymographic 
tracings obtained, under certain conditions, from dogs and rabbits. At 
present, however, we will only consider the phenomena which are found in 
the normal condition of the oun 


As the extravascular pressure is raised above the “minimum arterial 
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pressure,” it is found that the column of blood in the vessel under 
observation undergoes a momentary retrograde movement between the 
_ pulse-beats. The blood advances rapidly for a moment after each 
ventricular contraction, this being followed by a backward flow, and so 
on alternately, the current of blood however on the whole progressing. 

The duration of the backward flow becomes longer and longer as 
the pressure applied to the part is increased, until, at a certain point, 
the blood simply oscillates backwards and forwards in the vessel with- 
‘out making any progress. The pressure required to produce this 
oscillation without advance is readily found with accuracy for any given 
artery, as the individual blood-corpuscles can be easily followed with the 
eye. With an extravascular pressure a very little higher than this, the 
backward movement overbalances that of advance, and the column of 
blood is forced out of the vessel, all movement in the field of the 
microscope ceasing. For the sake of convenience, we will refer to the 
pressure ‘required to produce this result as the “maximum arterial 
pressure.” 

It is to be understood, of course, that the Sr Bs which we 
have attempted to describe above, refer to the case of typically healthy 
animals, in which the circulation in the web is, to all appearance, per- 
fectly normal. In unhealthy frogs it is not at all uncommon to find a 
more or less marked “pulsatile” circulation in the capillaries and 
arteries of the uncompressed web. | 

b. Changes in the capillary circulation produced by gradwally 
raising the extravascular pressure. As the extravascular pressure is 
_ raised, the blood-flow through the capillaries becomes more and more 
pulsatile in character. In this the capillary circulation follows a 
medium course between what is found to take place in the terminal 
arterioles on the one hand, and the venous rootlets on the other hand, 
when the pressure applied to the tissue is gradually raised higher and 
higher above that of the atmosphere. In that part of the capillary 
plexus which lies nearest the arteriole from whence the blood comes, a 
temporary arrest of the circulation is seen to occur when a certain 
pressure is reached, although, as need scarcely be added, the pressure 
required to produce this is not the same for different points in the 
artery and arterial capillaries. In the venous capillaries, ¢.e. in that 
part of the capillary plexus lying nearer the venous rootlets, the 
changes in the circulation produced by raising the extravascular pres- 
sure resemble more closely those which are found in the smaller veins, 
and which will presently be referred to. 
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As the pressure applied to the tissues is gradually raised, it is found 
that a certain number of the capillaries cease to convey blood earlier 
than others of their neighbours. With a pressure of, perhaps, half of 
that required to cause complete arrest of the capillary circulation of 
the portion of tissue lying in the field of the microscope, one or two 
capillaries no longer admit blood through them, and the number of 
impervious capillaries usually increases gradually as the pressure 
applied is raised, until only one or two channels remain for the cir- 
culation through the part, these, of course, becoming also impervious 
when the pressure is raised above the “maximum arterial pressure.” 
This fact, in itself, is only what might be expected, as we should 
naturally suppose that the resistance due to friction, &e, would 
scarcely be exactly the same for all the vessels composing a capillary 
plexus. 

More careful investigation, however, brings to light an interesting 
fact, viz. that it is not always the same capillary vessels which first 
cease to convey blood on raising the extravascular pressure to a certain 
height. If, for example, we take a curarized frog, and, having arranged 
the compressing apparatus in the manner above described, and having 
sketched roughly the’ position and relations of the various capillaries 


which can be seen in the field of the microscope, we mark on our — 


drawing the order in which the capillaries cease to admit the passage 
of blood-corpuscles on gradually increasing the extracapillary pressure ; _ 
_ —if, having done this, we lower the pressure to which the portion of 
- tissu@ is subjected to 0°, and, after leaving everything untouched for, 
say, half an hour, and again investigate the order in which the capillary 
vessels of the same part become impervious on raising slowly the 
applied pressure, we usually find that there is a more or less marked 
difference in this respect between the two observations. Occasionally 
it is found, that those capillary vessels which closed in the one obser- 
vation with a relatively low pressure on their exterior, are, in the other 
observation, those which remain longest pervious to the blood-flow; 
and this, although every possible precaution has been taken to insure 
that the conditions should remain unchanged. 

It is difficult to explain this fact otherwise than by assuming, that 
the relative diameters of the capillaries in the field have changed in 
the interval between two such observations—that some vessels have 
expanded, and that others have contracted, resulting in a change in the 
amount of friction offered by some capillary vessels as compared with 
others. And in fact, in favourable instances such a change in the 
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diameter of the different vessels can be verified with the help of an 
eye-piece micrometer. 

Having had the above facts forced upon us again and again during 
the course of our experiments on the capillary circulation, we were 
necessarily led to assume that the walls of the capillaries of adult 
animals are capable of active contraction, or, if the term be preferred, © 
of active change of their elasticity. In some experiments, however, 
which will be referred to further on, this contractility of the capillary 
wall is much more strikingly evidenced, placing the matter, we believe, 
beyond doubt. 

c. Changes in the circulation through the venous rootlets produced 
by gradually raising the extravascular pressure-—The small veins are 
the first to shew any change in their circulation on applying gradually — 
increased pressure over a circumscribed area of the web. With a pres- 
sure as low as 20 mm. of water, a distinct diminution of their calibre 
with increased rapidity of flow through them may often be observed. 
This diminution in diameter increases markedly as the pressure is 
raised, being accompanied by a corresponding increase in the rate of 
the blood-flow through their interior. Not rarely the diameter of a 
- vein may be seen to diminish to } of its original OnlTbEe; as the pressure 
applied to the tissue is increased. 

_ As in the case of the arterioles and capillaries, a pulsatile variation 
in the rapidity of the circulation becomes also evident in the small 
veins of the compressed part. In these latter, however, if they receive 
their blood from capillaries lying in the field of the microscope, and 
therefore subjected to the pressure indicated by the manometer, a — 
temporary arrest does not take place. With each pulse-wave in the 
arterioles, the flow of blood in the veins becomes accelerated, while, 
between each pulse-beat, the current is more or less markedly slowed. 
Only when the blood no longer advances in the arteriole, does the 
corresponding vein or veins become empty and collapsed. As might 
be expected, those veins which receive their blood more or less com- 
pletely from capillaries outside of the compressed area, become col- 
lapsed with a very much lower pressure than is otherwise the case ; 
with such veins, a pressure of 25—40 mm. H,O will sometimes suffice 
to prevent the passage of blood through their interior, shewing how 
slight must be the normal blood-pressure in the venous rootlets, as well 
as the ease with which the blood from a given part of the capillary 
plexus can be diverted from its normal course. 

The great readiness with which the diameter of the veins is affected 
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by relatively slight extravascular pressures, is presumably due, as 
need scarcely be remarked, to the extreme distensibility or low elas- 
ticity modulus of their walls. 


II. Intracapillary pressure and elasticity of capillary walls. 


‘It has been long known that capillary vessels may present con- 
siderable variations in their diameter at different times. The appli- 
cation of an appropriate stimulus to the web of the frog will, in many 
cases, cause a dilation of some of the capillary vessels to more than 
twice the. calibre which they previously presented. As one of the 
illustrations to his interesting paper on the “early stages of in- 
flammation,” Lister’ gives two drawings, taken ‘with the help of 
a camera lucida, of a capillary vessel before and after stimulating the 
web. As is well shewn in these figures, the diameter of the capillary, 
in that instance, became more than doubled as a result of the appli- 
cation of the stimulus. So great an expansion does not, however, 
always result on stimulating with chloroform, mustard, or other agent — 
exerting a similar action. An increase by about one-half of the initial 
calibre is perhaps more often observed. The degree of such a dila- 
tion depends, of course, very much upon the condition of the capil- 
laries as regards their diameter before the irritating substance was 

applied. 

: Expansions and contractions of the capillaries are referred to by 
most writers who have treated of the phenomena of the capillary | 
circulation as studied with the microscope. Since, however, the varia- 
tions in the diameter of these vessels are practically always accompanied . 
by a corresponding expansion or contraction of the arterioles, most 
physiologists have naturally assumed that they are the result of varia- 
tion in the intracapillary pressure; that, in other words, they are 
due to the elasticity of the capillary walls. Vulpian’, for example, 
in his remarks on the subject, observes—“ Les observations de Stricker 
sont loin d’avoir convaincu tous les physiologistes: la plupart d’entre 
eux admettent encore que les vrais capillaires ne sont pas contractiles... 
On les voit subir les influences de I’état de la circulation artérielle, 
se dilater quand les artéres se dilatent, revenir sur eux-mémes quand 
les artéres se resserrent: mais ce ne sont évidemment pas la des 
effets impliquant l’existence d’une véritable contractilité.” 

That the capillaries are very elastic there cannot be the least doubt ; 


1 Phil. Trans. 1858. 
2 Lecons sur Vappareil vaso-moteur. Paris, 1875, T. 1. p. das 
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but, that their elasticity alone will not suffice to explain the changes 


in calibre of the capillary vessels, becomes at once evident when we 
proceed to study more closely the relation which exists between the 


intracapillary pressure and the degree of dilation of these — 
tubes. 


In treating of this point we must first consider shortly, to what 
degree of exactness the pressure within the capillaries can be learned 


by the method we employed. A little consideration will shew, that 


with such a method we can, at least, measure with accuracy the 
pressure of the blood in the arterioles at their point of entrance into 
the compressed part. We can also learn with approximate accuracy 
the pressure in the veins, by compressing them at a point as far off 
as possible from the capillaries from which they receive blood. The 
pressure, however, which is required to cause collapse of veins will 
be always higher than that which their contents normally present, 
since the effect of local collapse would be a rise of pressure behind 
the obstructed part. As regards any given vein, we can only be 
certain that its internal pressure is below a certain height. 

We may, then, in any given web, learn the maximum and minimum 
arterial pressures, and, with much less accuracy, the venous pressure. 
For example, we may find in a particular case that the maximum 
and minimum pressures in the arterioles are 300 and 220 mm. (water) 
respectively, while in the veins the pressure is not so high as 
30 mm, In such a case, the pressure of the blood falls, in passing 
through the nT to an extent equal to the difference between 


If the capillaries were “tubes of equal length and diameter -we— 
could, knowing the pressures at their two extremities, say at once 
what would be the pressure at any point in their course; e.g. in these 
circumstances, the pressure at. the middle point would be half way 
between the pressures at their arterial and venous ends, The capil- 
laries are, however, far from being of equal length and diameter. 
Their relative and absolute diameters vary, moreover, to all appearance, 
incessantly, and, if it were possible to learn the pressures at different 
points of all the capillary vessels of a limited area, it would certainly 
be found that these pressures undergo a continual relative variation. 
This assertion we make on the strength of the phenomena observed 
on raising the extravascular pressure over a given area of the web 
several times at intervals of half an hour or so, the conditions being 
kept as nearly as possible unchanged — the observation. 
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Under these circumstances we find, as already stated, that the 
order in which the capillary vessels cease to convey blood is not 
necessarily, or even usually, the same at each successive compression. 
At one measurement we may find that, of two capillaries lying -side 
by side, one will collapse with a pressure of, let us say, 250 mm. 
(water), while its neighbour continues to convey blood until a pressure 
of perhaps 350 mm. is applied; while, on again raising the pressure 
in an hour afterwards, the order in which they collapse on applying 
pressure may have become reversed. 

We cannot assume, of course, that the actual iatrsameculie pressures 
in two such capillaries bear exactly the same relation to one another 
as the pressures required to cause their collapse. We should expect 
that the difference between the actual pressures would be less than 
that between the collapsing pressures. We have, in fact, no means 
of learning with certainty the blood-pressure in a given point of a 
given capillary. We can readily find the pressure in the terminal 
arterioles and, approximately, the pressure in the venous rootlets, 
but the exact distribution of the pressure in the intervening capil- 
laries can only be roughly judged of by noting the order in which 
these collapse on raising the extravascular pressure. When, therefore, 
the intracapillary pressure is spoken of in the pages of this communi- 
cation, it must be understood that we are not referring to any given 
value which it is possible to measure. 

In seeking to find in how far the intracapillary pressure is capable 
of influencing the diameter of these vessels, we could scarcely wish 


fer~a-more convenient method of enquiry than that of simply raismg~ 


the extravascular pressure, and observing the effect on the calibre 
of the capillaries. An elevation of the extracapillary pressure equal 
e.g. to 100 mm, (water) will, as need scarcely be remarked, diminish 
the force which distends the wall of the vessel to the same extent 
as a diminution of the intracapillary pressure by 100 mm. It is found 
that the effect, on the diameter of the capillaries, of raising the extra- 
vascular pressure nearly high enough to cause collapse of these vessels, 
is usually so slight as to be barely appreciable. In no case have 
we seen capillary vessels vary in diameter under these circumstances 
to anything like the extent to which we know they are capable, 
Whether these vessels be dilated as a result of the application of a 
stimulus, or whether they present a tolerably normal calibre, they 
contract but very slightly when the extracapillary pressure is raised. 
Their diameter may sometimes under these circumstances diminish 
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by 10 or 15 per cent., but more often the change in ae is too 
slight to admit of measurement. 

There are other ways, of course, of obtaining information regarding 
the relation which exists between the capillary pressure and the 
diameter of these vessels, And the most evident of these is, to lower 
the intravascular pressure as much as possible, and observe the effect — 
on the degree of dilation of the vessels. An experiment, which we 
have frequently repeated, is the following. Having spread out the 
web of a frog under the microscope, and measured the diameters of 
a number of capillaries at points which will be easily found again, 
the foot is cut off at the ankle, and the measurements of the capillaries 
repeated. If care be taken to avoid stretching of the web, it will be 


found, that the capillaries do not empty themselves completely on 


amputating the foot, although the severance of the large vessels of 
the leg must have reduced the capillary pressure to that of the 
atmosphere, or but very little above it. It is found, moreover, that, 
as a rule, the capillaries are but very little narrower than they were 
before the foot was separated from the trunk. 

We need not dwell further upon this point ; the examples we have 
given shew clearly enough, that modifications of the intracapillary 
pressure, much greater than those which can normally occur, influence 
but slightly the calibre of the capillaries. The walls of these latter, 
in other words, are elastic, but not sufficiently elastic to explain the 
great variations in diameter which we know they can present. 


III. Contractility of the capillary wall. 


The facts noted in the foregoing pages, appear to us incompre- 
hensible, if we go upon the supposition that the capillary walls are 
elastic but non-contractile. Considering the importance of the subject, 
however, we did not think it advisable to rest content with the 
evidence above mentioned in favour of assuming that the capillaries 
are contractile, and the more so, that, with the method of enquiry 
which we employed, it was exceedingly easy to make control experi- 
ments of various kinds. It is unnecessary to give a detailed accqunt 
of these, and we need only refer to one experiment, which, we believe, 
is sufficiently conclusive of itself. The conclusions that can be drawn 
from it appear so unavoidable, that it would only lengthen this 
paper unnecessarily to give the details of other experiments the 
results of which point in the same direction. 
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In seeking to find whether or not the intracapillary pressure and the | 


diameter of these vessels bear a certain definite relation to one another, 
it is only necessary to find the means of varying these two factors 
independently of one another. This, it need scarcely be said, does 


not present the slightest difficulty. The diameter of the capillaries © 


can be increased by the application of an irritant to the part, and 
It is easy so to graduate the stimulation, that either only slight dila- 
tion, lasting for a short time, or maximal dilation of longer duration 
can be produced. The intracapillary pressure can a'so be reduced 
at will; and the most convenient method of doing this, we found 


ready to hand in Goltz’s “ Klopfversuch.” On tapping the abdomen — 


with the handle of a scalpel, the blood-pressure rapidly falls, and the 
extent of the fall in the peripheral arteries can be easily learned by 
the method employed by us. As a further means of measuring the 
blood-pressure, we frequently fastened a small mercurial manometer 
in one aorta of the previously curarized frog. This can be done on 
the ordinary water or land frog, but we were fortunate enough to be 
able to make our experiments on this subject on the gigantic 
R. esculenta which are obtained from Hungary, a number of which 
were kindly placed at our disposal by Prof. Goltz. It is necessary, 
before fastening in the manometer, to render incompetent the valves 
situated at the junction of the aorta chosen and the aortic bulb. 
This can be easily managed by means of a probe, without a drop 
of blood being lost in the operation. In a frog provided with such 
a manometer, the effect of tapping the abdomen, on the aortic as 
well as on the peripheral arterial pressure, can be followed with con- 
siderable accuracy. The aortic pressure falls rapidly to a point near 
zero, and the peripheral pressure sinks hand in hand with it. After 
_ tapping for a short time, it is found that an extravascular pressure of 
10—15 mm. water suffices to arrest the entrance of blood into the 
compressed part; while, a few minutes after ceasing to percuss the 
abdomen, both the central and peripheral blood-pressures rise, until 
their former values are more or less exactly attained. 

To produce dilation of the capillaries we found chloroform the 
best suited. The application, for an instant, of a camel’s hair pencil 
soaked with chloroform, produces immediately a maximal dilation of 
the vessels of the part of the web with which it has come in 
contact. It is necessary to wash the web immediately afterwards 
with a stream of water, as, otherwise, epeny stasis results from 
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too strong irritation. As Lister’ has remarked, even the vapour of 
chloroform suffices to cause an evident hyperaemia of the web. 

As already mentioned, application of an appropriate irritant will 
sometimes cause a dilation of the capillaries to fully twice their 
previous diameter. This is usually accompanied by a temporary rise 
of the aortic pressure, due to stimulation of the sensory nerves, and 
which does hot appear if the sciatic has been previously severed. 
Where the nerve has been cut, the pressure within the arteriole or 
arterioles rises but little (seldom so much as 830—40 mm. water) as a 
result of their dilation. It cannot, however, be doubted that, in 
these circumstances, the intracapillary pressure has risen somewhat 
as a result of the stimulation of the part. That this increased in- 
ternal pressure, however, is not the cause of the dilation of the 


capillaries, becomes at once evident when, by tapping the abdomen, 


we lower the arterial pressure to nearly that of the atmosphere. 
We find that the capillaries remain dilated, although the aortic 
pressure has been so greatly reduced that the two columns of mercury 
in the manometer stand at nearly the same height. That the pressure 
in the peripheral arterioles has fallen hand in hand with the central 
blood-pressure, is shewn by the fact that an extravascular pressure 
of 10 or 15 mm. water suffices to arrest the entrance of blood into 
the stimulated part, and to cause collapse of most of the capillaries. 
A few minutes after having ceased the tapping, both central and 
peripheral blood-pressures rise to their former height, and the ex- 
periment can be repeated as often as desired. With these extreme 
variations of their internal pressures, therefore, we find that the 
diameters of the capillaries vary but slightly, and that, with an 
-intracapillary pressure scarcely higher than that of the atmosphere, 
they remain, in some cases, nearly twice as wide as they were before 
they were dilated by the application of the chloroform’. 

It might, perhaps, be supposed that the chloroform, by chemical 
action, had changed the physical properties of the capillary walls, this 
change being accompanied by new elastic properties. The fact, however, 
that, where the irritation has not been too strong, the hyperaemia 
and dilation of the vessels soon disappear, shews us that this dilation 


- must be looked upon as an essentially vital reaction. Moreover, in 


the case of the — which follows wine nine anaemia, and to 


1 Loe. cit. 
2 The diameter of the vessels, it should be added, was re en ee 
but with the help of a good eye-piece micrometer. 
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which we shall have occasion to refer further on, the same want of 


relation between the degree of dilation of the capillaries and their 


internal pressure, can also be shewn to exist. In this case, also, the 
dilated capillaries remain expanded, although by the “ Klopfversuch” 
their internal pressure has been reduced to but little above zero. 

It may be as well to remark, in passing, that certain restrictions 
must be made in applying the term “contractility” to express the 
nature of these vital changes in the calibre of the capillaries, It 
is possible that the term “change of elasticity” may in reality be 
more appropriate. In the case of striped muscle, we cannot speak 
of a change of elasticity as the cause of the contraction of the fibres, 
but with smooth muscles, and with the capillary walls, the case is 
different. With them, for all we know to the contrary, the expan- 
sions and contractions of which they are capable, may be the result 
of a change in the statical relations of the ultimate molecules. 
Whether this be the case, or whether their contractions and expan- 
sions are due to molecular changes similar in principle to those 
which apparently produce the contractions of striped muscle, can 
scarcely be decided, we. imagine, in the present state of our know- 
ledge of the subject. Under these circumstances, we prefer to keep 
to the term “contractility,” which does not imply any theory as to 
_ the intimate nature of the process which causes the changes of form 
of which the capillary walls are capable. 

In the face of the above mentioned facts, we do not see any way 
of escape from the conclusion that the capillaries are contractile as 
well as elastic. The question naturally arises, whether this contrac- 
tility resides in some anatomically ‘differentiated part of the capillary 
wall, or whether it be a property inherent in the wall as a whole. 
On this point, as is well known, differences of opinion exist among 
those physiologists who have ascribed a contractile power to the 
capillaries. 

It may, perhaps, be as well that we should refer to one or two 
of the chief papers on this subject. 

Before Aeby, Auerbach and Eberth, by means of v. Reckling- 
hausen’s “silver method,” had shewn that the capillaries are made 
up of endothelial cells, Stricker’ had been led, from his investiga- 
tions on the structure of the capillaries in the membrana nictiians 
of the frog, to the conclusion that these vessels are contractile. In 


1 Stricker, ‘Unters. iib. d. cap. Blutgefiisse.” Sitzb. d. Wiener Akad., Bi. 11. 
1865.. 
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a second paper’, published in the following year, he described the 


_ changes which he had seen take place in the capillaries of the tail 


of the tadpole, under the influence of various stimuli. Soon after 


_ this, Golubew’s® article on the subject appeared, giving an account 


of the contractions and expansions of the capillary walls in parts 
removed from the frog. He ascribed to the contraction and expan- 
sion of the nuclei, which can be seen in the wall of the capillaries 
in fresh specimens in the form of spindle-shaped thickenings, and to 
which he gave the name of “spindle-elements,” those changes in the 
internal diameter which he found to result on passing induced 
currents through the piece of tissue examined. These fusiform 
elements he found to contract on the application of a stimulus, 
blocking up more or less completely the lumen of the capillary. 
Golubew’s observations were confirmed by v. Tarchanoff* in a series 
of experiments made in v. Recklinghausen’s Institute in Strassburg, 
he, also, ascribing to the fusiform elements alone, the power of con- 
tracting, and assuming that the rest of the capillary walls played a 
purely passive réle. The facts brought to light by these observers did 
not, however, suffice to convince physiologists that the contractility of 
the capillaries plays a part in the regulation of the peripheral circu- 
lation, seeing that, to cause an appreciable change in the diameter 
of these vessels, relatively strong stimuli must be applied, weak — 


electric currents, for example, having little or no effect on the fusi- 


form elements. That spontaneous changes in the diameter of the 
capillaries in the tadpole’s tail may take place, could not, of course, 
be taken as proof that the capillaries of adult animals are also 
eapable of active ehanges of calibre, even if it had been shewn that 
elasticity alone could not account’ for the phenomena observed. 
More recently Severini‘, in his able monograph on the inner- 
vation of the blood-vessels, has laid great weight on the contractility 
of the capillaries. He found that the fusiform elements of Golubew 
react with great readiness and certainty when a stream of oxygen or 
of carbonic acid is passed over the portion of tissue examined, and 
which has previously been placed in an appropriate moist chamber. 
Oxygen he found to cause “invariably” a swelling of the parietal 


1 « Studien tib. d. Bau u. d. Leben d. Capill.” Sitzb, d, Wiener Akad,, Bd. ua. 1866. 
4a oe Arch. f. mikrosk. Anat., Bd, v. 
** Beobacht, tib. contractile Elemente in den Biut u. Lympheapillaren. " Pfliiger’s 
pes Bd, 1x. 1874. 
* Ricerche sulla innervazione dei vasi sanguigni. Perugia, 1978. 
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nuclei which reached a maximum in 1—2 minutes, this swelling 
being accompanied by a shortening of the nuclei, and causing @ con- 
_ siderable narrowing, rarely complete closure, of the lumen of the 
vessel. Occasionally also, but not always, there took place a uniform 
contraction of the capillary wall at parts where no nuclei were to 
be seen. The action of carbonic acid, on the other hand, he found. 
to produce an elongation and thinning of the fusiform elements, in- 
variably accompanied by a dilation of the Jumen of the vessel. 
Severini’s results are opposed to those of Tarchanoff', who 
investigated the action of both O and OO, on the capillaries, and 
obtained only negative results’, 
The weight laid by most of the above-mentioned observers on - 
the part played by the fusiform nuclei, led us to watch with care 
the outline of the capillaries in their contracted and expanded con- 
ditions, When much contracted, as is well known, it is not rare to 
find at some point in the course of one or more of the capillaries 


in the field of the microscope a bulging inward of the wall of the — - 


“vessel, the lumen of which is thereby so much narrowed that the 
individual blood-corpuscles only pass the obstruction with difficulty. 

- On the other hand, it is certain that capillary vessels may be seen 
to vary greatly in diameter without any localized contraction or 
expansion being visible. The capillary tube expands or contracts as 
a whole, its diameter remaining equal throughout its whole length. 
‘We cannot therefore agree with Golubew, Tarchanoff, Severini, &., 
in ascribing to the fusiform elements alone the power of active con- 
traction, and believe that, under normal conditions, it is by the con- 
tractility of the capillary wall as a whole, that the anioter of these 
vessels is changed. 


Loe. cit. 

2 On becoming oe with Severini’s work I repeated, in conjunction with my 
friend Dr v. Mering, these experiments on the influence of O and CO, on the capillary 
walls. We employed the membrana nictitans and mesentery of the water-frog, and made 
also a few observations on the same tissues taken from the Hyla arborea. The conditions 
mentioned by Severini were copied with the most scrupulous care. The gases were well 
washed, and a No. 10 immersion Hartnack was used to watch the capillaries. In no single 
instance, however, were we able to observe the slightest change in the calibre of these 
vessels, either with oxygen or with carbonic acid. Our results therefore coincide with 
those of Tarchanoff. Why they are so strikingly at variance with those of the 
distinguished Italian Professor, must presumably lie in some difference in the conditions 
under which the experiments were made, although, as already observed, the directions 
given by Severini were followed scrupulously by us.—C. 8. Roy. 
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IV. Effects on the capillary circulation of localized 
temporary anaemia. 


If, after having produced anaemia of the portion of web lying 
in the-field of the microscope, by raising the pressure applied suffi- 
ciently to overbalance the arterial pressure, and thereby cause cessation 
of the circulation through the part, we suddenly reduce the pressure 
again to 0°, it is invariably found that a more or less marked active 
hyperaemia of the part results, which, after a few minutes, gradually 
disappears. If the localized anaemia has been allowed to last for five 
or ten minutes, the resulting hyperaemia is often very intense—the 
arteriole or arterioles frequently dilating to more than twice their 
former diameter; the capillaries also are markedly dilated as well 
as the veins, and the flow of blood through the part is very greatly 
increased in rapidity. Anaemia lasting only two or three minutes 
is usually followed by a distinct hyperaemia differing naturally in 
degree in different cases, this effect being, however, much more ene? 
when the anaemia has been of longer duration. 

That the temporary cessation of circulation is the important if 
not the only factor in producing this hyperaemia, is shewn by the fact, 
that its intensity increases with the duration of the preceding anaemia, 
which would scarcely be the case if the pressure of the cushion acted 
as a mechanical irritation, thereby producing reflex congestion. Inde- 
pendently of this fact, it would be difficult to believe that the gentle 
pressure of the delicate, flexible membrane could act as a mechanical 
stimulus in the ordinary sense of the term. Examination of other 
parts of the same web shews that this active congestion is strictly 
localized to the part previously rendered bloodless, — 

It should be added that the same phenomenon occurs, under similar 
conditions, in the case of the tongue and mesentery. 

Cohnheim’ appears to have been the first to draw attention to the 
fact that anaemia of short duration is invariably followed by hyperaemia. 
This was doubtless known before to many physiologists, but Cohnheim 
seems to have first clearly stated the facts of the case. He found that, 
after the circulation of the frog’s tongue had been arrested for some 
time by tying a ligature round the root of the organ (a piece of soft 
leather being interposed to prevent cutting of the tissue by the thread), 
the vessels became, on removal of the ligature, greatly dilated, and 


1 Cohnheim, Untersuchungen iib. d, embolische Processe, Berlin, 1872. 
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this, whether, during the time that the tongue was ligatured off, they 
were filled with blood or not. Cohnheim’s experiments, however, 
seemed to have more of a pathological than a physiological signifi- 
cation, since the anaemia was usually kept up for, at least, a few hours, 
The same effect of temporary anaemia was also a marked feature in 
Mosso’s' experiments. These were made on the excised kidney and 
liver, an artificial circulation of defibrinated blood being carried on 
through them by an arrangement which admitted of keeping the 
arterial pressure constant at any desired height, while, at the same 
time, any changes in the volume of the organ, and of the rate of 
outflow from the veins, could be accurately followed. He found that, 
on interrupting the artificial circulation for a short time, the vessels, 
on readmitting blood by the artery, became dilated, the outflow from 
the veins becoming also increased, an effect which gradually — 
peared on continuing the injection of the blood. 

_ The same influence of the blood supply of the tissues on the degree 
of dilation of the vessels is illustrated by the fact, well known to 
most physiologists, that, on injecting blood into an excised organ or 
amputated limb, the flow of the blood, which is at first comparatively 
free, becomes soon more difficult from contraction of the vessels, 
Even after rigor mortis has set in, this result of the injection of blood 
is found to take place, as was shewn by the experiments of Bernstein’ 
and Severini*® as well as by Mosso, who found that even 48 hours 
after removal of the kidney these variations in the diameter of its . 
vessels could be observed. _ 

But, in the living healthy body, this hyperaemia tillowing anaemia 
is, apparently, a phenomenon of very frequent occurrence. Even 
relative anaemia is followed by a moderate congestion, as is illustrated 
by the well-known fact that, after having held one hand raised above 
the head for some minutes, the pallor thus produced is succeeded, 
on the hand being again lowered, by a more or less well marked 
redness, contrasting with the paler colour of the hand which has not 
been raised. The congestion which results on removing an Esmarch 
bandage from a limb to which it has been applied, is apparently 
another example of the same phenomenon. If a portion of the skin 
of the back of the hand be gently pressed with the finger so as to 


a Mosso, Von einigen neuen Eigenschaften der Gefiisswand.” Ludwig’ s Arbeiten, 
1874. 

2 Bernstein. Pfliiger’s Archiv, Bd. xv. 

3 Severini. Loc. cit. p. 141. 
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cause anaemia, this, if it have been kept up for a few minutes, is 


followed, on removal of the finger, by an evident hyperaemia, which — 


lasts for a short time, and which is the more easily produced the 
more active the circulation of the skin is at the time. Numberless 
examples of the same fact, viz. that anaemia, produced experimentally, 
is followed by congestion, readily rise to the mind. We have, however, 
referred to a sufficient number to recall to the reader how constantly 
it shews itself under suitable conditions. : 

To return to the frog’s web. This secondary hyperaemia we never 
found wanting in the many hundred observations which we were led 
to make on the subject. Its intensity and duration are, as already 
mentioned, in direct proportion, speaking roughly, to duration of the 
foregoing anaemia. | | 

We considered it worth while to investigate with some care the 
mechanism by which it is brought about. That it is not due to any 
reflex action through the cerebro-spinal vasomotor centres, is shewn 


- by the fact that it can be produced with-equal certainty after. section_ 


of the sciatic nerve, and this, moreover, in cases where, by electrical 
stimulation of the peripheral end of the cut nerve, strong contraction 
of the arterioles of the web could be produced. In these instances, 
therefore, a part or the whole of the vasomotor nerves passing from the 
spinal cord to the web were contained in the sciatic, and yet section of 
this nerve produced no appreciable influence on the appearance of this 
localized congestion following temporary anaemia. We may, therefore, 
exclude reflex dilation through the cerebro-spinal centres in enquiring 
into the mechanism of this congestion. We must, then, look for its 
cause in the action of some peripheral vaso-regulating arrangement. _ 
The existence of some such peripheral vasomotor mechanism was 
first definitely proved, we believe, by Goltz’s’ classical experiment 
on the rabbit. After having severed, by means of a galvano-cautery, 
all the tissues of the thigh of a rabbit, with exception of the crural 
artery and vein, so that these latter formed the only vital communica- 
tion between the leg and the rest of the animal, Prof. Goltz shewed 
that localized stimulation of the skin of the leg, such as that produced 
by the application of oil of mustard over a limited area, still caused- 
a well marked localized congestion. There can be no doubt, therefore, 
of the existence of some mechanism by which the degree of dilation 


of the vessels of the skin is capable of being regulated independently — 


1 Goltz’ Bericht iiber die Naturforscher-Versammlung zu Kénigsberg, 1860. 
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of the cerebro-spinal vasomotor centres, The natural conclusion, of 
course, would be that there must be peripheral vasomotor ganglia 
capable of producing, by reflex action, modifications in the degree of 
dilation of the vessels of the skin in answer to stimuli applied to the 
latter. There are, however, various objections to this theory of peri- 
pheral vasomotor ganglia, the most important of which is, that as yet 
no anatomical evidence of the existence of such structures has been 
produced, in spite of careful microscopical examination of the web of 
the frog. | 

_ Moreover, as has been pointed out by Severini’, if we are to accept 
the existence of these peripheral ganglia, we must ascribe to them 
rather complicated functional properties, and assume that there pass to 
them four different kinds of nerves, viz. vaso-constrictor and dilator 
fibres from the cerebro-spinal centres, and constricting and dilating 
fibres from the skin, besides those which leave them to supply the 
vessels, 


From the influence of temporary anaemia in producing dilation of 


~~ -the vessels of the skin, we must, if we are to assume the existence of 
_ peripheral ganglia, further suppose, that these hypothetical structures 


are capable of regulating the relation between the nutritional require- 
ments of the part and the degree of dilation of the blood-vessels. 
Until there is anatomical evidence of the presence of structures which 
we can suppose capable of performing functions of so complicated a 
nature, it must be felt that the physiological evidence, which tends to 
prove the existence of these ganglia, may, perhaps, be capable of 
another interpretation. 

If, from considerations such as those above mentioned, we reject the 
theory which requires us to assume the existence of peripheral ganglia, 
the only apparent explanation of the facts of the case is, that those 
vaso-motor phenomena, which are undoubtedly due to some peripheral 
vaso-regulating mechanism, are brought about, either by some’ stimulus 
acting directly on the walls of the vessels, or indirectly on these 
through the medium of nutritive changes of the tissue elements. For 
example, we might suppose that a diminution in the amount of O or 
other constituent of the blood present in the tissue, such as would be 
produced by anaemia due to mechanical compression, or an increase of 
the CO,, or other product of the chemical changes of living tissue- 
elements, might lead to dilation of the vessels as a result of chemical 
action, 


1 Loe, cit. 
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And, in reality, independent of those facts which lead us to hesitate 
in accepting the theory of peripheral ganglia, there is much that might 
be advanced in support of this view of the direct action of chemical 
changes on the walls of the vessels. : 

That, in the embryo at least, a kind of vaso-motor regulation exists, — 
independent of the nervous system, is shewn by an interesting experi- | 
ment of Vulpian’s’. 

If, about the fourth day of incubation, a small drop of nicotine be 
applied to a point on the area vasculosa of a chick, it is found that, in 
a short time, a well-marked congestion shews itself at the irritated part. 
And this congestion may become so great, that the rest of the vascular 
system is nearly emptied of blood. This experiment shews that dila- 
tion of the vessels may result from stimulation in the absence of any 
vaso-motor nerves, but from it, we cannot, of course, draw definite 
conclusions as to the mechanism of the peripheral vaso-regulating 
arrangements in the adult animal. - 

On the whole, the balance of evidence appears to be opposed to 
accepting the theory of peripheral vaso-motor ganglia, at least in so 
far as the frog’s web is concerned. Whether these exist or not, this 
constant occurrence of hyperaemia as a result of anaemia, either com- 
plete or incomplete, seems to us to throw much light on the manner 
in which the local circulation is carried on under normal conditions. 
It shews us, that there is a local mechanism independent of the centres 
in the medulla and spinal cord by which’the degree of dilation of the 
vessels is varied in accordance with the requirements of the tissues. 

It must not be forgotten, however, that the relation between the 
_blood-supply and the needs of the tissue-elements may be varied in 
other ways than by varying the quantity of blood which passes through 
the tissues, as when anaemia is produced experimentally. The possi- 
bility, or even probability, naturally forces itself on the mind, that 
various congestions of undoubted peripheral origin may be caused by 
the same mechanism which produces the hyperaemia following tempo- 
rary diminution or arrest of the blood-supply. It is not difficult to 
imagine, that an increase in the chemico-vital changes of the tissue- 
elements will have the same influence on the degree of dilation of | 
the vessels as temporary anaemia. In both cases there will be a relative 
diminution of some of the constituents of the blood and a relative accu- 
mulation of the products of tissue change, one or both of which would 
probably, as in our experiment, stimulate the vessels to dilate. 


1 Revue des Cours Scientifiques, Vol. 11. p. 744. 
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The dilation of the vessels in inflammation is very frequently ascribed 
to paralysis. We must not forget, however, that, in the paralysed con- 
dition, smooth muscular fibres need not, as is the case with striped 
muscles, be fully expanded, but might more reasonably be supposed to 
assume, when paralysed, a medium position between full expansion and 
full contraction. Indeed, in the present state of our knowledge of the 
subject, to speak of paralysis of the vessels seems to us only one way 
of escaping from a confession of ignorance as to the nature of this 
inflammatory dilation, That, however, the muscular walls, in the 
early stages of inflammation at least, are not paralysed, is not difficult 
to prove. If, after having cut the sciatic of the frog, and placed its 
peripheral end on electrodes, we apply chloroform to the web, taking 
care not to stimulate too strongly, itis found that the dilation of the 
arterioles thus produced can be made not only to disappear, but that 
_ the stimulation of the nerve will, in many cases, cause nearly complete 
closure of the lumen of the arterioles, It is necessary to add, in pass- 
ing, that considerable differences exist as to the degree to which the 
walls of the arterioles of the web respond under normal circumstances 
to stimulation of the sciatic. The above experiment we have repeated 
successfully some three or four times. Evidently the dilation of the 
vessels produced by chloroform, and which apparently corresponds with 
that of the first stage of inflammation, is not due to “ paralysis.” 

_ The view, however, that this inflammatory hyperaemia, under which 
head we class that produced by stimuli such as chloroform, croton oil, 
mustard, &., may be most simply explained by taking it to be due to 
the same mechanism as the congestion which follows anaemia, has at 
least a few facts to support it. In inflammation we know that the 
rapidity of the chemico-vital tissue changes is increased, and it is very 
probable, that the application of the irritants above mentioned also 
- stimulates the cells, with which they come in contact, to increased as 
well as to abnormal vital changes. We have here the same increase in 
the demand for blood which is produced by temporary anaemia. 

In the case of the congestion produced by stimulating vaso-dilator 
nerves, the possibility certainly deserves consideration, that the hyper- 
aemia so caused is not due to an inhibition of the constricting vaso- 
motor nerves through the medium of peripheral ganglia, but is brought 
about indirectly by a change in the relation between the tissue-changes 
and the blood-supply. The fact that vaso-dilating nerves exist in the 
sciatic was clearly shewn by Goltz’, whose experiments have since 


1 Goltz. “Ueber die gefiisserweiternde Nerven.” Pfliiger’s Archiv, Bd. rx. 1874; | 
and Zweite Abhandlung, Pfliiger’s Arch., 1875. 
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’ been repeated and corroborated by various observers and notably by 
Bernstein. There is still, undoubtedly, much that is obscure in the 
facts known regarding these vaso-dilator nerves, and Severini’ appears 
to hold a perfectly tenable position in claiming that the experiments 
of Goltz and his followers may be explained if we assume that trophic 
nerves exist in the sciatic, stimulation of which causes, indirectly, 
dilation of the vessels in the same way as temporary anaemia produces 
congestion. To enter upon this question would, however, lead us too 
far from our subject. 

In passing, we may remark that the congestion which follows stimu- 
lation of vaso-constrictor nerves, is very probably a result of the anaemia | 
which is produced by contraction of the walls of the arterioles. This 
congestion can be very well seen in the web after stimulating the sciatic 
for a few minutes. It has commonly been ascribed to exhaustion of 
the stimulated vaso-constrictor nerves or muscles. As is known, even 
during stimulation of vaso-motor nerves, the anaemia thereby produced | 
may diminish considerably and even be replaced by hyperaemia. Since | 


we know that diminution or arrest of the blood-supply produced by 


other means, causes secondary congestion, it appears to us more reason- 
able to assume, that anaemia caused by vaso-constriction has the same 
result, than to fall back upon some theory of exhaustion of vaso-motor 
nerves, concerning attributes of which we are comparatively ignorant. 

The congestion which follows compression of a portion of the web 
is not due to dilation of the arterioles alone. As we have already 
mentioned, the dilation of the capillaries is greater than can be 
explained by the increase of their internal pressure. The calibre of 
the venous rootlets is also increased, a change which is apparently 
active, like that of the arterioles and capillaries. 

We have already shewn that the capillary vessels are capable of 
varying their diameter independently of one another. The conclusion, 
that each capillary is capable of varying its calibre in accordance with 
the requirements of the tissues which it supplies with blood, appears 
to us, in the light of the facts considered in the above pages, to be 
logical. 


V. Capillary Pulse. 


As one constant result of raising gradually the extravascular pres- 

_ sure over a limited area of the web or other suitable part, we 

mentioned the appearance of a pulsatile acceleration and slowing of 
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the blood-current in the arterioles, capillaries and veinlets. This 
capillary pulse can always be produced by pressure such as we 
employed, and we have found it a convenient means of counting the 
heart-beats, with which it is synchronous. 

As is well known, the flow of the blood through the peritibien! 
vessels is, in normal circumstances, almost perfectly equable, so much 
so, that it is usually impossible, even with the closest attention, to 
count the number of heart-beats per minute by noting the slight varia- 
tions in the rapidity of the blood-flow in the arterioles. On the other 
hand, when, by application of an irritant such as mustard &c., a 
condition apparently corresponding with true inflammation is produced, 
the flow of the blood in the capillaries usually becomes more or less 
markedly pulsatile. That, in this latter case, the appearance of a 
capillary pulse cannot be ascribed to the diminution of friction alone, 
which must result from the dilation of the vessels, is shewn by the fact 
that the dilation of the vessels of the web which follows temporary 
anaemia, does not lead to the appearance of a pulsatile blood-flow in the 
capillaries. The diameter of the arterioles and capillaries may vary, 
as is well known, within pretty wide limits, but neither with narrow 
vessels nor with wide vessels is a capillary pulse to be seen under 
physiological conditions. As soon, however, it would appear, as the 
vessels are contracted. or expanded in a manner, or to an extent, 
which is not in co-ordination with the mechanism by which narrow- 
ing and widening of the peripheral vessels are physiologically brought 
about, we find a capillary pulse making its appearance: as, for ex- 
ample, when narrowing is produced by raising the pressure outside 
the elastic walls of the vessels, or when a pathological change in the 
properties of the latter, accompanied by a maximal dilation, such as 
occurs in the vessels of inflamed parts, results from the application of 
an irritant. 

In man, the appearance of. a peripheral salen, under conditions 
analogous to those produced by the pressure of our little air cushion, is 
well illustrated by the behaviour of the retinal vessels on pressing with 
the finger the bulb of the eye. As is well known, even slight pressure 
of the bulb immediately produces a pulsation in the retinal vessels, 
synchronous with the heart, and usually first noticeable in the veins. 

In the capillary pulse which can often be seen in the vessels lying 
under the finger nails, and to which attention has been called by 
Quincke, we have another example of the same phenomenon. The 
whitish area, which can readily be made to appear under the nails 
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by extending the fingers fully, and which is more or less constantly 
present in some persons and in some diseased conditions, is evidently 
due to pressure upon the vessels at that part. The pulsatile advance 
and retirement of the red margin is, therefore, presumably produced 
in the same way as the retinal pulse or that in the small vessels of 
the frog’s web on the application of pressure. 

We have already described the general characters of this peri- 
pheral pulse, which is produced by pressure, in the arterioles, capil- 
laries and veinlets of the web, tongue and mesentery of the frog. 
These characters, however, vary within certain limits in different 
animals. They also vary more or less markedly at different parts 
of the same animal, and for any given part when the conditions are 
modified. For studying these variations, our method of investigation 
gives us considerable facilities, since it enables us to express several 
of the phenomena numerically. For example, the height of the pulse, 
or in other words the difference between the “maximum” and “mini- 
mum arterial pressures” in any given vessel of the web may be 
compared with that in other vessels or with the extent of the oscil- 
lations of a mercury manometer tied in one aorta, Experiments of 
this kind soon shewed that the height of the pulse-wave in the 
peripheral arterioles, caeteris paribus, rises or falls with the rise 
or fall in the height of the aortic pulse-wave. As might have been 
expected, we found also, that, while the maximum and minimum 
aortic pressures remain practically unchanged, the height of the pulse 
at the periphery may vary within certain limits, It is impossible, 
however, to draw very absolute conclusions from these experiments, 
for, in some instances, the aortic bulb appeared to contract so com- 
pletely after each ventricular systole as to shut off, for an instant, the 
communication between the manometer and the blood in the uninjured 
aorta, so that the oscillations of the manometer were smaller than 
would otherwise have been the case. Besides, as need scarcely be 
observed, the interruption of the circulation through one aorta, neces- 
sarily introduced a cause of error whose value could only be guessed 
at. We give extracts from the notes of two of these experiments, in 
order to illustrate the general nature of the results arrived at. 


Exp. 1. Large Hungarian frog. Curarized. Pressure in large arteriole 
of web: minimum 340, maximum 380 mm. water, 

Manometer then fastened in left aorta after valves at its root had been — 
rendered incompetent. The “ Klopfversuch” reduced pressure in manometer 
to nearly zero, shewing that valves were sufficiently torn through. 
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Rs Ten minutes afterwards in the artery of the web which had been chosen 
4 
minimum pressure = 220 mm. water, 
maximum pressure = 240 mm. water, ye 
aortic pressure, minimum = 17°56 mm. Hg.’ (= 235°8 mm. water), 
is » maximum=19:'5mm. Hg. (= 265 mm. water). 


On repeating the measurement of the pressure of the arteriole wpncamete 
afterwaida, it was found viz. : 


minimum = 215 mm. water, 
maximum = 240 mm. water. 


In this instance, the maximum and minimum pressures at the 
periphery corresponded more closely with those indicated by the 
aortic manometer than was the case in the rest of our — 
made in the same way. 


Exp. 2. Large-Hungarian frog. Curarized. Section of right sciatic in 
the thigh. Manometer in left ate, the valves of which had been torn 
through. 

After an hour, pressure in an intedsle of web of right side, 

minimum = 190 mm. water, 
maximum = 250 mm, water. 

Pressures in mercury manometer, 

minimum = 21 mm. Hg. (285 mm. water), 
maximum = mm, Hg. (304°7 mm. 


On again measuring, same values found. 


Left leg then pencilled with diluted acetic acid, after which the meroury 
manometer shewed 


minimum = 22 mm, Hg. (299 mm. water), 
maximum = 26°5 mm. Hg. (360 mm. water). 
In artery of right web previously chosen, pressures were 
minimum 200 mm. water, 
- maximum 325 mm, water. 


In this experiment we were not able to convince ourselves that 
the contraction of the aortic bulb did not more or less completely 
close the passage from the manometer to the right aorta during the 
interval between the ventricular contractions. 

It is needless to give further notes of this kind of experiments. 
_ They shew clearly enough, amongst other things, that the height of 
the pulse in the arterioles is governed caeteris paribus by the height 
of the pulse in the aorta—a fact which one would scarcely think of 
doubting. 


} Measured with cathetometer. 
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.. The: influence of the degree of dilation of the peripheral vessels 
upon the height of the pulse-wave in them need not.detain us long. 
Wide vessels shew a higher pulse-wave than narrower ones, although, 
unless the arterioles are much contracted, the influence of their diame- 
ter on the height of the pulse is not great. In the different arterioles 
of both webs the maximum and minimum pressures are nearly of the 
same height respectively for any given animal. It is unusual, in 
measuring the maximum pressures in the various arteries of the webs 
of a given animal, to find that these differ from one another to the | 
extent of more than 15—20 mm. H,O. Any exceptions to this are 
apparently due to some rise or fall of the aortic pressure while the 
_ measurements are being taken, or else to extreme contraction, due 
to some local cause, of one or more of the vessels. Where an 
arteriole becomes so narrow that its diameter approaches that of a 
capillary, the maximum and minimum pressures are relatively low, 
the maximum however being relatively lower than the minimum, 
the pressures in the other vessels being taken as a standard to go by. 

When we compare the minimum pressures in different arteries 
of the same animal, it. is found, as a rule, that they vary somewhat 
more amongst themselves than do the maximal pressures. In measur- 
ing the minimum pressure, it is necessary that the blood, which passes 
the point watched, should enter capillaries which are fully exposed 
to the pressure indicated by the manometer connected with the in- 
strument. In measuring the maximum pressures, on the other hand, 
it does not matter much whether the capillaries supplied by the 
compressed vessel be subjected to pressure or not. On this account, it 
is possible to measure the maximum Rressure in a larger number of 
arterioles than are fitted for allowing the minimum pressure to be 
measured, Still, our observations seem to indicate, that the minimum 
pressures in the various arteries of any given web vary more among 
themselves than do the maximal pressures—a fact which, we are in- 
clined to think, must be due to a difference in the elasticity of the 
capillaries supplied by different arteries, — 

In seeking to find the mechanism which produces this capillary 
pulse in compressed parts, there are two possibilities which naturally 
present themselves. Either that, normally, the rise and fall of pres- 
sure, which constitute the pulse-wave, are propagated as far as the 
capillaries, or, that the pressure applied, obstructing to a certain 
extent the passage of the blood through a circumscribed area, has 
had the effect of causing the arteries, say of the hind limb, to con- 
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tract rhythmically behind each pulse-wave, pushing the latter for- 


. ward by a vermicular contraction of their walls. 


The latter explanation of the appearance of a pulse on applying 
pressure, it is scarcely possible to accept; for, did such vermicular 
contraction of the arteries take place, we should expect to find some 
evidence of it on examining the capillary circulation of those parts 
of the web which lie outside of the compressed area. No capillary 
pulse, however, shews itself in those portions of the web which are not 
pressed upon, nor do the arterioles of the compressed part shew, as 
a rule, any appreciable variation in diameter with each pulse. 


We are forced, therefore, to assume that normally the sted causa 


in the arterioles rises and falls with each heart-beat. - 

If we accept this, and it seems impossible to avoid accepting it, 
the question arises,—why the blood-flow through the capillaries, in- 
stead of being equable, is not normally pulsatile, as we should expect. 
In many cases the height of the pulse-wave in the arterioles is more 
than 30 per cent. of the maximum arterial pressure, and yet no evident 
pulse could be seen in these cases on examining the uncompressed 
tissue. It is not very easy, for example, to explain, at first sight, how, 
with a maximum and minimum arterial pressure of 300 and 200 mm. 
water respectively, the flow of blood through the capillaries can be other 
than pulsatile. 

When we recall the peculiar conditions, however, under which the 
capillary circulation is carried on, an explanation of this apparent 
anomaly is not very difficult to find. In these narrow elastic tubes 
the resistance or friction offered to the blood-flow is, as need scarcely 
be said, very great. For the sake of illustration let us separate the 
two most striking characteristics of the capillaries, viz. the elasticity 


of their walls, and the resistance due to their narrow calibre. Let us 


suppose that instead of a narrow elastic tube of more or less uniform 
diameter, we have an elastic tube presenting moniliform dilations, 
these being separated from one another by relatively narrow communi- 
cations. Let us further suppose that, through such a tube, blood or 
other liquid is flowing, the pressure at one end being 200 mm. water, 
and at the other end that of the atmosphere. : 

If now we imagine that the pressure at the one end is suddenly 
raised from 200 to 300 mm., we can easily see what will happen. The 
blood will flow into the first dilation of our tube somewhat more 
rapidly than before, but, owing to its small size, the pressure within 
this cavity will rise rapidly on its contents being but slightly increased, 
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and the rapidity with which the blood enters it will, on that account, 
diminish, since the difference in the pressure on each side of the point 
of entrance will be lessened. This same process will be repeated in the 
case of each of the dilated parts of the tube; the small size of the 
successive cavities, with the friction offered by the comparatively narrow 
openings between them, preventing the occurrence of any sudden 
acceleration of the flow through the tube as a result of the rise of 
pressure at one end. Under these circumstances a rhythmic rise and 
fall of the pressure at one end of the tube would produce only slight 
acceleration and slowing of the flow through it. 

We can easily imagine that the course of events in the case of the 
capillaries more or less closely resembles that which we have attempted 
to illustrate. If such be the case, it must necessarily follow that, to 


produce the most equable flow possible, the elasticity of the capillary 


walls must vary definitely with the calibre of these vessels as well as 
with the mean pressure of their contents; ¢.g. with a narrow calibre 
the elasticity modulus of the wall must be different from that. which 
would be most suitable with dilated capillaries, the pressures being 
‘supposed to remain the same in both cases. 

We can easily understand, moreover, that the blood-flow would cease 
to be equable, in other words, that a pulse would appear, on this 
co-ordination between the elasticity of the capillary wall, the diameter 
of these vessels, and the blood-pressure in their interior, being interfered 
with sufficiently. This would be the case, for example, if the extra- 
capillary pressure were raised considerably. 
| In the same way, in the non-physiological maximal dilation of the 

capillaries in cases of inflammation, we must suppose that the elasticity 
of their walls has either ceased to be that best fitted to give an equable 
flow, or else that the pressure of the exuded lymph acts in the same 
manner as pressure applied to the outside of the tissue. 

We have felt it necessary to seek for some explanation of the 
appearance of a pulse in the capillaries on the application of pressure. 
That which we have attempted to sketch above is, of course, only a 
theory, but it is the only one, capable of ‘explaining the ‘Sets which 
we have been able to find. 
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VI. Relation between the Miriatae of the arteries and their 
internal pressure. 


_ As a rule, the pressures within the different arteries of any given — 
web are not far apart, although the diameters of these vessels may 
differ considerably. - It is a well-known fact that. the arterioles of the — 
web of the frog very frequently vary in calibre in an apparently 
spontaneous manner. And we have more than once had an oppor- 
tunity of observing the effect, on the arterial pressure, of these changes 
of diameter in the case of two neighbouring arteries, both of which 
lay in the same field of the microscope, and both of which ended more 
or less completely within the compressed area. Such observations 
shewed us that, to produce any great difference in the pressures within 
the two vessels, one of them must contract greatly. Of two such 
vessels the wider may present a slightly higher blood-pressure than its 
narrower neighbour, but usually the difference is so slight as to be barely 
appreciable. It is only when one of them contracts strongly, reducing 
its calibre almost to that of a capillary, that its pressure falls to any 
marked extent. Indeed, it would seem that the friction offered by the 
arterioles to the blood-flow through them is comparatively slight. And 
this, it must be remembered, is only what. we should a priori expect, 
for, were the friction within the small arterioles normally considerable, 
oe correspondingly large part of the work of the heart would be uselessly 
expended in overcoming resistance im the arteries. When, however, 
the arteries contract greatly, the pressure at their capillary extremities 
falls considerably, and, in accordance with Poisseuille’s law, we find 
that, with very narrow arteries, slight changes of calibre have an incom- 
parably greater influence on their internal pressure than is produced 
by equal changes of diameter in the case of moderately wide vessels. 
These extreme contractions appear to be mostly of central origin, local 
interests being sacrificed, so to speak, to those of the organism as a 
whole. 

In the case of the contraction of the arterioles produced by electric 
stimulation of the cut sciatic, the pressure in the arteries may sink to 
nearly zero, the lumen of the vessels being nearly, and indeed in some 
instances completely, obliterated. But, as we have said, where the 
diameters of the arteries are not markedly diminished, their anternal 
pressures are practically the same for any given web. 

In curarized frogs, and also in one or two instances with un- 
poisoned animals, we have met with blood-pressure curves resembling 
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closely those described by Traube, Hering, and others, These are 
apparently of central origin in the frog, as well as in the dog and rabbit, 
and are seemingly due to a summation of the apparently spontaneous 
contractions of which we have spoken above. ‘Some writers have 
contended that these contractions are of local origin, since variations of 
calibre take place, to all appearance spontaneously, ia the arteries of 
the web after the sciatic has been severed. We are not inclined 
towards this view, since those changes in diameter: which we have 
observed to occur spontaneously after section of the sciatic, did not 
cause any great contraction of the vessels, but seemed to us, although 
we had, of course, no proof of the fact, to resemble more the dilations of 
the vessels which result from anaemia. 


VII. Elasticity of the walls of the arterioles. ) 


As already stated, the walls of the veins are so elastic that they 
contract very greatly when the force which distends them is diminished 
by raising the extra-vascular pressure. Under the circumstances, it is 
not unusual to find that the calibre of the veins diminishes to less than 
_ one half of that which they presented before compression was applied. 

In the case of the arterioles it is different. Usually, on raising the 
extravascular pressure, the arterioles contract but slightly—so slightly 
that the diminution in their calibre is barely appreciable. And, | 
when the extravascular pressure is raised above that in their interior, 
they collapse like non-elastic, flexible tubes. We have once or twice 
met with exceptions to this rule, however. Sometimes, on raising the 
extravascular pressure nearly to the maximum arterial pressure, we 
have seen an arteriole, between each pulse-wave, contract until its 
lumen was completely obliterated, expanding again with each pulse- 
beat. | 


CONCLUSION. _ 


We have given evidence sufficient, it is believed, to demonstrate 
clearly that the capillaries are contractile, and also that their contractility 
is to all appearance in constant action. As has been shewn, the changes 
in diameter which they so frequently present cannot be explained by 
assuming, as is usually done, that they are exceedingly elastic. 

It would appear that the individual capillaries contract or expand 
in accordance with the requirements of the tissues through which they 
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pass. The regulation of the vascular blood-flow is thus more complete 
than is usually imagined. 

: We have seen that temporary anaemia is followed by a dilation 

of the arteries, capillaries and veins. And this, as we have shewn, is 

only one illustration out of several with which we are acquainted, of the 

action of a mechanism whereby the degree of dilation of the vessels 

_ is regulated independently of the cerebro-spinal vasomotor centres. 

The relative diminution in the lymph of certain of the constituents 
of the blood, or the presence in increased amount of certain of the 
products of tissue change, or both of these combined, must be looked 
upon as the cause which leads to the dilation of the vessels which 
results from temporary anaemia. As we have attempted to shew, the 
same causes are present in the case of various other congestions, which 
may be most easily explained by assuming that they are thereby 
produced. 

This action on the vessels is possibly brought about through the 
medium of peripheral vasomotor ganglia, but is more probably pro- 
duced, independently of such structures, by direct action on the walls of 
the vessels. To this automatic regulation of the peripheral circulation 
we are inclined to ascribe a réle of very great importance, both from a 
physiological and from a pathological point of view. It would appear 
that it is principally, if not exclusively, in connection with it, that the 
contractility of the capillaries comes into play. We do not intend how- 
ever to give a résumé of the contents of the foregoing pages. In 
conclusion, we have to record our grateful thanks for the kind aid and 
advice which we received in connection with this subject from Prof. 
Goltz, in whose Institute a number of our experiments were made. 


Note. Our method of measuring the pressure of the blood in the peri- 
he vessels was demonstrated by us at the meeting of the Berlin Physiv- 
ogical Society held on the 15th Feb. 1878. On that occasion Prof. H. 
Kronecker kindly made a few remarks in our name, describing more fully 
than our knowledge of the language permitted us to do, the details of the 
method ; and it is our pleasant duty to ; hake Prof. Kronecker in this place 
for his kind assistance on that occasion. In the report of this communication 
which appeared in the Verhandl. d. physiolog. Ges., there occur several errors 
which have crept in owing to our not having explained to Prof. Kronecker 
with sufficient clearness the facts which we wished brought forward. 
Unfortunately we had no opportunity of preventing these mistakes being 
published, since, from an accidental sree the proof-sheet of the report 


was not submitted to us. We feel it necessary to explain here the reason of 
the discrepancies which exist between the statements contained in our present 
paper and those in the Verhandlungen of the Berlin Society. 
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THE CONSTITUTION AND RELATIONS OF BONE 
LAMELLZ, LACUNA, AND CANALICULI, AND 
SOME EFFECTS OF. TRYPSIN DIGESTION ON 
BONE. By DE B. BIRCH, M.B., Demonstrator of Physiology in 
the University of Edinburgh. (Plates XI., XII, XIIL) 


IN spite of the attention which has been directed to the matrix of 
bone in its histological aspect, there is as yet no general agreement 
upon the constitution of a bone lamella and the —," of the 
minute parts that enter into its formation. 


Ultimate Structural elements of bone matrix. 


The most searching and careful inquiry which this matter has 
evoked of late years is that of v. Ebner’ who, working with carefully 
prepared, ground and polished sections of unsoftened bone, as well 
as sections of the softened tissue, has given a minute account of the 
ultimate structural elements of which bone matrix consists. As his 
research bears upon the subject in hand, the following extracts may be 
of use, 

_ As a summary to the first division of the subject, he says (l.c. p. 66), 
“The bone matrix consists of gelatine yielding non-calcified fibrils, 
-. which are held together by a cementing substance that contains the 
bone-earth.” The fibrils behave in polarised light in the same 
manner as ordinary white fibrous tissue. They are positive uniaxial, 
doubly refractile, the optic axis lying in the long diameter of the 
fibrils. Further, a substance similar to that obtained from white 
fibrous tissue is obtained from bone, namely gelatine, and besides 
a number of osteogenetic processes point to the intimate connection 
between the fibrillar element of the hone matrix and that of white 
fibrous tissue. 

In ground preparations of unsoftened bone examined in water with 
polarised light, areas are found which appear dark under crossed 
Nicols, and in ordinary light granular, any lacune lying in them 
being cut across their short diameter. 


1 Sitzb, der math. Naturwiss. kais. Acad. der Wiss. Wien, Bd. uxxut., Abth. 11, 1876. 
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The granules are closely packed, and v. Ebner found that he could 
count 8—14 of them in a length of ‘01mm. They are in reality not 


granules as stated by Tomes’ and Kélliker’, but transverse sections =. @ 


of fibrils. 

Other areas exhibit fibrillation; in sheen the section passes parallel — 
to the direction of the fibrils : these areas are doubly refracting. 

To ascertain the exact position of the calcareous matter incineration — 
of sections of unsoftened bone was performed; the high temperature 
caused the disappearance of the organic substance, leaving the bone- 
earth, - 

After incineration empty spaces were found between the earthy 
remains exactly corresponding to the position formerly occupied by the 
fibrillar element. 

A perfect negative picture itself, Where formerly the 
transverse sections of fibrils had been observed as granules small 
circular openings obtained, and where there had been fibrillation 
dark streaks were found separated by intervals. 

In polarised light the appearances were entirely dependent upon 
the medium in which the section was mounted (l.c. p. 64). v. Ebner — 
further states that a section of unsoftened bone which has been 
thoroughly boiled, so as to remove the fibrillar element, when treated 
with a very dilute solution of hydrochloric acid (p.c.?) on the stage 


of the microscope, leaves the organic basis of the cement, or inter- 


fibrillar substance, as a transparent residue. 

In this the lacunz and canaliculi can still be made out, indicated 
by delicate outlines, and furthermore dots and fibrillations are seen, 
these being the mouldings in the cement where it was formerly in 
contact with the fibrils. 

For the examination of the matrix deprived of its earthy wii a 
decalcifying fluid was employed (lc. p. 58) which, whilst removing 
the calcareous matter, left the fibrillar portions intact and distinctly 
visible. This fluid is a 10—15 p.c. solution of common salt contain- 
ing 1—3 p.c. hydrochloric acid. Bones macerated in this fluid, con- 
trary to the appearance presented by bones decalcified in the ordinary 
way, remain opaque even when rendered] quite flexible. On washing 
- out the chloride of sodium they assume a cartilaginous semitrans- 
parency, the opacity being restored on replacing in the salt solution. 


1 Tomes. Todd’s Cyclopedia of Anat. and Physiol., Art. “Osseous tissue.” Vol. mz. 
p. 847. 
* Kolliker. Mikr. Anat., 1. Bd, Handb. der Gewebelehre, vy. Aufl. 1867. 
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Sections obtained from such bones shew the fibrillar texture with 
great distinctness. v. Ebner states that “The matrix appears streaked 
or punctate accordingly as it is cut parallel or transversely to the long 
axis of the lacunz.” A statement which applies particularly to the 
simple bones such as the femur of the frog and metacarpals and pha- 
langes of the fieldmouse, in which the lacune are arranged with their 
long diameters in the direction of the long axis of the shaft, and to 
which the general direction of the fibrillar element also corresponds. 
Polarised light gave the same results as in the case of unsoftened bone. 

By scraping the surface of these bones with a scalpel, and 
applying the old test for fibrous tissue, acetic acid, employed by 
Sharpey on the lamellar fibres, the same results were obtained. The 
fibrils swell and become invisible when treated with dilute acids, are 
again brought into view by neutralisation of the acid with an alkali; 
the further action of the latter rendering them again transparent. 

Rollett’ shewed that tendons shorten when placed in boiling water, 
the shortening being due to shrinking of the white fibrous tissue. 
v. Ebner found the same occurred to the decalcified femur of the 
frog in which the fibrils are mainly arranged in the direction of the 
long axis of the bone. The long bones of man, owing probably to the 
complex arrangement of their fibrillar bundles, are but slightly affected 
by this treatment. 

A further proof in support of the identity of nature of the 
fibrillar element of white fibrous tissue, and of bone matrix, is found 
where a direct passage of the one into the other is observable; this 
happens where tendons are attached, and in certain phases of bone 
growth where fibrous elements of the periosteum are visibly involved. 

These facts, taken in connection with the removal of the fibrillar 
elements by boiling, the yielding of gelatine by both tissues, the simi- 
larity in each case of the effects produced by acetic acid and alkalies, 
seem to me of special interest, as pointing conclusively to the fact 
that the fibrillar elements of white fibrous tissue and osseous matrix 
are not only the same, but retain in perfection their chemical charac- 
ters, though the same bundle of white fibrous tissue may apparently, 
in different localities, possess different physical properties, the change 
depending upon the material which happens to surround it and pervade 
the spaces between its fibrils. 

In addition may be mentioned, what will be stated further on, 


1 Rollett. Handb. der Lehre v. den Geweben. Sfricker, 1871, pp. 53, 54. 
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that a chemical re-agent such as chromic acid induces the same con- 
dition in the fibrillar structure of bone matrix as it does in ordinary 
white fibrous tissue; rendering it less amenable to tryptic digestion 
as also to the action of acids and alkalies. Strong (10 p.c.) salt solution 
causes it to resist the action of acids up to a certain point. | 

These fibrils are massed into fibres which are arranged syste- 
matically, and amongst them the lacune with their canaliculi are — 
placed, the latter being provided with a membrane which has been 
demonstrated to a limited extent by Neumann and Langer’. 

Elastic fibres are found amongst the white fibrous tissue elements 
in certain positions. 

The form elements and their nature being thus enumerated, there 
‘remains to be noticed what their relative positions are. 


Bone lamelle. 


_ It has long been an established fact that bones have a lamellar 
structure. 

- When the earthy salts are removed from the tissue by macerating 
in acids, thin sheets can be torn off, most easily from the outer sur- 
face of the shaft. In sections there is visible a distinct and systematic 
stratification, the sectional expression of the lamellx. The arrange- 
ment of parts giving rise to these appearances has been variously 
described by authors. 

Sharpey, in Quain’s Anatomy (5th Ed.), derives his definition 
of a lamella from thin films torn from the surface of a decalcified bone. 
He says, speaking of the films, “These for the most part consist of 
several lamin as may be seen at the edge, where the different layers 
are usually , torn unequally, and to some extent further than others, 
Examined ‘in this way, under the microscope, the lamelle are seen 
to be perforated with fine apertures, placed at very short distances 
apart. These apertures were described by Deutsch ”......“ They 
appear to me to be the transverse sections of canaliculi, and their 
relative distance and position accord sufficiently with this explanation.” 
He compares them to holes punched in the leaves of a book. The 
lamelle have a further structure. “It will appear plainly that they 
are made up of transparent fibres decussating each other in form of 
an exceedingly fine network, and that the perforations correspond to the 
intervals or openings between the reticulated fibres.” “The fibres 


1 Langer. Denksch. der Wiener Akad. Ba. 36. 
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intersect obliquely, and they seem to coalesce at the points of inter- 
section, for they cannot be teased from one another, but at the torn 
edge of a lamella they may be seen separated for a little way standing 
out like the threads of a fringe. Most generally they are straight, 
but not always so, for in some places they assume the curvilinear 
direction. Acetic acid causes the fibres to swell up and become in- 
distinct, like the white fibres of fibrous tissue.” (Sharpey.) In the 
8th Edition the statements are virtually the same. 

In the description quoted we have a true account of the surface 
view of a thin sheet of softened bone. There is a regularity in the 
arrangement of the fibres, as seen in Sharpey’s figure’, which is 
striking ; the mention of the peculiar situation of the canaliculi is also 
exact. There are two sets of fibres shewn, the fibres of each set 
running parallel to each other, and forming an angle with those of 
the other. This constitutes the bone lamella, and the reason for 
this assumption is the want of further divisibility by this method, 
a reasoning which cannot be accepted however. It merely indicates 
the thinnest film which is obtainable in this manner as a continuous 
whole. It is from this description that the English idea of a bone 
lamella is derived, namely, that it consists of two sets of fibres. 

- Schafer* compares bone lamelle to the layers of the corneal 
substance, “these layers,” he says, “are made up of fibrillated bundles 
united together in the same lamelle by a homogeneous ground sub- 
stance, which also serves to bind together adjacent lamelle.” He 
points to the fact that flattened corpuscles lie in planes between the 
corneal lamine. Further (l.c. p. 134), “The chief point of difference 
is, that in the cornea the fibres in a lamella run in the same direction, 
whilst in bone there are two sets of fibres which intercross with one 
another, and are generally fused together at the places where they 
come in contact.” 

The two sets of fibres intercross, which evidently implies that there 
are two sets of fibres, the direction of one set forming an angle with 
that of the other, thus they cross each other, but furthermore are in- 
termingled, giving rise to a woven texture, and thus intercross. 

The fibrous bundles, besides being held together as a mass by a 
general cementing substance, are said to be fused at the points where 
they come in contact. 


esr 8 Anat. 8th Ed., Vol. 1. p. 86, fig. 50. 


2 “Notes on the structure and ae of osseous tissue.”’ QI. Jl. Mic. Sc. | April, 
1878, 
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Of such a fusion there is no evidence, unless by that it may be 


- meant that.a small offset of fibrils from one bundle occasionally joins 
another, which is certainly the case; and with only few exceptions this. 4 


joining occurs solely amongst bundles in the same plane, and which 
have the same direction. Of the fibrils, and this peculiar behaviour 
of theirs, the authors) last quoted cannot have spoken, as they. do not 
seem to have been aware of their precise existence. A cementing of . 
some peculiar kind must be meant. In sections of adult bone softened 
in v. Ebner’s fluid (salt. sol. and HCl) and subjected to trypsin diges- 
tion to be presently mentioned, the whole interfibrillar material is 
removed, whilst the bundles remain forming a mass coherent through 
the complexity of the configurations of the lamellz, and possibly also 
_ by the erratic bundles already mentioned. 

Schifer further supports his analogy by the statement that the 
matrix of bone is divided into lamellz by planes of bone cells, which 
though not actually in contact with each other, hold a position similar 
to that of the corneal cells, and that when lamelle are torn off, they 
separate along these planes. 

He gives the following summary: “We are led therefore from 
these comparisons to the conclusion that each lamella of bone consists 
of a layer of fibres crossing obliquely in two directions, covered on both 
surfaces by, and embedded in, a homogeneous ground substance, which 
is continuous between the fibres and also fused with the ground sub- 
stance of adjoining lamella. The planes of separation between the 
lamelle being in the fully formed bone indicated by the presence of the 
flattened lacunez.” The same meaning is here attached to the word 
lamella, at any rate as far as two sets of fibres are concerned, though 
now qualified with a certain relation to lacune. That is, two sets of 
fibres constituting the lamella are held to be separable from their 
neighbours along an ideal plane any point of which is indicated by the 
occurrence of a lacuna’. 

_ his arrangement is not supported by an ‘clematis of the 
structures in question, for lacunz are found in the thickness and course 
of one set of fibres, in support of which there are the statements already 
quoted of v. Ebner (Le. p. 70), and his drawings especially Taf. 1. 
Fig. 4, and Taf. 11. Fig. 25, b*. Ranvier® gives drawings unconsciously 


1 A similar opinion is held by Klein. Atlas of Histology. Pt. rv., Pl. xu. fig. 2, and 
p. 55. 
? Ranvier. Traité technique d’Histologie, 1875, p. 314, fig. 101. 
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supporting this view. My own observations bees convinced me of the 
almost constant nature of the fact. Pl. x1. fig. 2. 

Ranvier’ describes the matrix as consisting of alternating series of 
homogeneous and striated lamelle. These two varieties are seen in 
longitudinal and transverse sections. The striated lamelle result from 
the passage of “little bridges of tissue” between neighbouring homo- 
geneous lamelle. He states particularly that these are bridges and not 
septa, and supports his opinion by the comparison of sections in both 
directions ; two figures’ of such are given side by side. There is ob- 
viously nothing to guide him to the*certainty that the striated lamelle 
in the one drawing correspond to those in the other. The striated 
lamella of the one section correspond to the homogeneous lamellz of 
the other, and vice versa, the bridges being the interfibrous substance 
in those lamelle, in which the fibres are cut transversely. Both draw- 
ings are correct as far as they go, but Ranvier was unable to see 
fibrillation of the matrix though he employed Sharpey’s process of ~ 
stripping. The difference of opinion which exists upon this subject is 
due to the insufficiency of the methods employed. The use of the 
NaCl and HCI fluid has been already dwelt upon ; one of its advantages 
is its rapidity of action. 

Sections of bones decalcified by this medium exhibit the lamellar 
arrangement more strikingly than by any other simple method. 

_ Alternate lamelle are similar to each other, and such a view is 
represented in Fig. 2 (Pl.x1.). One set has the appearance of continuous 
bands, whilst the other consists of small masses in single rows, separated 
by bridges that seem to join the band-like set. Both are lamelle of 
the same constitution, only they are seen in different section. 

In order that the view as to the constitution of the lamella main- 
tained here may be precisely stated, there is a diagram in Pl. xu, 
Fig. A, which shews two superimposed lamelle, each consisting of one 
set of fibres, the fibres in each set being represented parallel to and 
distinct from each other, their occasional junctions being omitted ‘for. 
clearness. 

The two sets of fibres cross each other in direction at an angle of 
about 60°. In A the dotted lines B’ and C’ represent two directions of 
section that will give different appearances when the cut surfaces are 
viewed ; these are represented respectively in B and C (Pl. xu), B cor- 
responding to the direction of section B’, whilst C corresponds to the 


1 Ranvier. Traité technique d’Histologie, 1875, p. 814, fig. 101, A B. 
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direction C’. In the last two diagrams a greater number of lamellwe 
are represented than at A. 

From this it will be seen that when the section follows the course 
— of one set of fibres alternating series of longitudinally and somewhat 
transversely cut fibres are seen (C). If however the section follows 
neither, but cuts both obliquely as in section B’, the appearance on the 
cut surface will be that represented in diagram B. Such a view being 
met with even in Haversian systems which shew the other sets. 

I would maintain that the lamella consists of one set of fibres having 
a parallel arrangement and that these fibres send bundles of fibrils 
to one another occasionally, as has been shewn by v. Ebner. The 
position occupied by the lacunez is one which has a more definite rela- 
tion to one set of fibres than to two, as specially indicated by their 
occurrence in the thickness of one set of fibres (Fig. 2,s). It may 
be considered that there are septa between the fibres of cementing 
substance, and it is these that present the appearance of bridges on 
section. The lacunz have been stated to lie in the course of the sets of 
fibres to which they belong; this view is upheld by v. Ebner, who 
however admits that they occasionally lie between two neighbouring 
sets of fibres. The first is, according to my preparations, the most com- 
mon, and I feel inclined to regard it as their constant situation. 

It is only of such lacunz as are opened in the plane of section, or 
lie in close proximity to it, that any definite statement is possible, as 
the bone matrix is not a trustworthy medium through which the posi- 
tion of deeper lying objects can be exactly ascertained. __ 

That the long axis of the lacuna corresponds to the direction of the 
fibres, with which it is in immediate relation, is a fact, perhaps not 
always easy of verification, as the inclination of the lacuna to the plane 
of section is so variable, which also points to a more intimate relation 
between the individual layers of fibres and the lacuna. 

That there is a similarity between the bone lacune with their con- — 
tained bone-cells and the branching cell-spaces with corpuscles. of the 
cornea, there is no doubt, and the relations are not so different as 
might be inferred from what has already been stated. — 

To make the analogy complete requires the demonstration in the 
case of the cornea that the cell-spaces may lie in the planes of fibres, and 
in the case of the bone of an epithelial structure to the membranes en- 
veloping the lacunz and canaliculi, as according to the latest views are 
held to obtain in the corneal cell-spaces. I would in no wise advocate 
the notion that the lacunz, with their enclosed bone-cells, resemble 
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clasping cells of white fibrous tissue, as far, at any rate, as their position 
is concerned, for this would be at variance with their position in the — 
substance of a number of bundles in the same layer or in primary 
bundles at all. The more probable view seems to me that the bone- 
- eells to which the lacunar membranes belong are enclosed in the 
lamella, as these are elaborated by the constructive osteoblasts, and that 
the cells play a nutritive part in the economy, and are left behind for 
this purpose at regular intervals in the completed matrix, where their 
life history is to preside over the changes in connection with nutrition, 
being possibly sensitive regulators of the lymph currents which flow 
through the systems of channels in whose paths they are placed, if 
indeed they themselves are not the active producers of these currents. 

The division, therefore, of the bone matrix into lamelle, by the 
occurrence between them of planes of lacune, is not tenable, 

Either two sets of fibres are empirically and unnecessarily to be 
assigned to a lamella, or the more natural division is to be followed of 
accepting one set of fibres having & common direction, and lying in the 
same plane, of greater or less extent, as constituting a bone lamella. 

In conclusion I would here allude to Fig. 2, which is a sketch of a 
number ef subperiosteal lamella from the rib of an adult ox. The 
sketch was made before this particular relation of the lacune to the 
lamelle: was in my mind, and has remained unaltered since. 

The alternate layers of bands and masses are lamelle seen in different 
section. Three lacune are visible; the two on the right hand are 
situated in lamella which have different directions, the upper one being 
in a situation corresponding to that shewn at s, but not so marked, 
whilst the lower one lies in a thin longitudinally-cut lamella. 

In the case of the lacuna at s, the space occupied by it is surrounded 
by the transverse sections of the fibres of the same lamella. The only 
argument that might. be raised against this is, that the lacuna might be 
lying at the point of division of the lamella into two, as occurs not 
unfrequently, but the junction of the fibres into one layer on each side 
of the lacuna negatives this objection. The lacunz are joined to each 
other by canaliculi; the position of these in the sectiontreferred to does 
not always correspond to the intervals between the fibres seen cut trans- 
versely, as this is in most cases filled by cement alone, the level of the 
canaliculi not being hit by the plane of section. _ 

The canaliculi throw the various lacune into communication with 
each other, and with the perivascular lymph space in the Haversian 
canal, 
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_. The continuity of these canals with the perivascular lymph space 
was first demonstrated by Budge’ by means of injections, and may be 
shewn to a varying extent by subperiosteal injection of silver nitrate 
solution. | 

The canaliculi in their course through the matrix pass through the 
lozenge-shaped openings left by the crossing of the fibres of neigh- 
bouring lamellz, and are held in position by the interfibrillar or inter- 
fibrous cement, as mentioned by Sharpey. 

The membrane of the canaliculi is continuous on the inner surface 
of the Haversian canal, with a membrane of like nature, which forms 
the surface of the walls of the canal, to be again mentioned. 

The arrangement of structures is more regular in Haversian systems 
than in the peripheric lamelle or their remains. The systems have 
also a more uniform thickness in their lamelle, which in human long 
bones average about 34. In the peripheric their breadth may reach 
6y, the average being between 4—5y. | 

In the subperiosteal and intermediate lamelle the fusion into each 
other of similarly directed lamelle is more frequent than in the Haver- — 
sian systems. This is well shewn in Fig. 2. 

_ Yellow elastic fibres occur in the lamelle of periosteal origin 
(Ranvier, Schafer), but I have failed to demonstrate the fine elastic 
fibres said to occur in the Haversian systems by v. Ebner, though a 
raethod was employed which removed the white fibrous elements to the 
exclusion of the yellow elastic, under which circumstance their presence 
would have been ascertainable. | 


Some effects of Trypsin digestion on Bone. 


If the course of tryptic digestion on sections of decalcified hardened 
or unhardened bone be watched, it will be found to the naked eye 
that it disappears in time exactly as any other tissue. _ 


Microscopical examination at different stages of digestion reveals =~ 4 


that certain parts disintegrate more rapidly than others; and if a 
hardening reagent has been previously used, a change in the propor- 
tionate solubility of the tissue elements so treated occurs, 

According to Kiihne* the order in which tissue structures are re- 
moved is the following: soft and stiff (lit. trans.) albuminous sub- 


1 “*Die Lymphwurzeln der Knochen.” Archiv f. mik. Anat. x11. 
* Kiihne. “ Anleitung zur Verwendung der Verdauung in der Gewebsanalyse.” Unter. 
a. d. physiol, Instit. der Univ. Heidelberg, Bd. 1. Heft 2, 1877. 
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stances; next collagenous substances, ¢.e. loose and compact connective 
tissue; and lastly, elastic and horny substances, whilst nuclein resists 
the digestive action: longest. 

At the termination of an energetic sinclisis horny substance (keratin) 
and nuclein remain, and also collagenous material, the swelling of which 
may be avoided if an alkaline reaction be employed. 


He further states that tissues that have been hardened in chromic _ 


acid and exposed to the light, after assuming the greenish tint from 
the formation of the green oxide of chromium, become indigestible ; 
the white fibrous tissue elements being left intact, after a vigorous — 
digestion. Preparations of tissues treated in alcohol, picric acid, or 
strong solutions of common ~ behave in the same way as fresh 

ssues. 
' The artificial digesting fluid is prepared either as a glycerin extract 
or as an aqueous solution. 

Owing to the possession of a good supply of the former, made from 
the dog’s pancreas (fasting), I have throughout made use of it, as it 
answered every requirement. 

The glycerin extract was made from the dog’s pancreas after 
v. Wittich’s method, by dehydrating the chopped gland with absolute 
alcohol for 24 hours, and subsequent immersion in glycerin, sufficient of 
the latter being added to cover the gland tissue completely; this is 
allowed to stand for three weeks. When the digesting fluid is to be 
made, some of the extract is pressed through calico to remove the gland 
tissue and the expressed fluid is mixed with bicarbonate of soda solu- 
tion. Though an absolute statement of the strength of the digesting 
fluid employed cannot be given, it will be as well to mention that the 
following mixture was used: 1 cc. expressed glycerin extract added to 
19 cc. of 1 per cent. bicarbonate of soda solution, The resulting 
slightly turbid solution being filtered, yields a se yellow somewhat 
opalescent fluid. 

The action of this was not so energetic at first as after it had been 
warmed for from 5—10 minutes, probably owing to there being a con- 
siderable proportion of unconverted zymogen present, the gland having 
been in the fasting condition. 

Control of the digestions was performed by frequent examination, 
naked eye and microscopic, of the tissue under treatment, as allowance 
had to be made for the thickness of the section, and the degree of 
exposure to, and the nature of, hardening reagents, 

Kiihne recommends the aqueous extract of the tt which hes 
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the only recommendation of not giving @ precipitate with 10 per cent. 
salt solution. 

The chopped pancreas of ox, calf or pig is extracted alternately 
with ether and absolute alcohol, until on drying an easily powdered — 
mass of a white appearance results. From this an aqueous solution of _ 
the active ferments is derived by maintaining it for four hours at a 
body temperature in a solution of salicylate of soda, the latter aes 
venting decomposition. 

The extraction with alcohol and ether is usually tedious, owing to 
the quantity of fat that is present in the gland, and the advantage of a 
somewhat more rapid preparation over that of the glycerin extract is 
counterbalanced by the readiness with which decomposition occurs. 

An acid reaction does not prevent the digestion, though the alkaline 
is that in the presence of which it is most energetic. 

There was, I found, no necessity for the employment of the aqueous 
extract where tissues treated with salt solution were digested. Sections 
of bone softened in 10 per cent. NaCl solution and 3 per cent: HCl, 
when removed from this, and digested in the fluid made with glycerin 
extract, and afterwards replaced in salt solution (10 per cent.), pre- 
sented the same appearance in the fibrillar cletnents as before he 
change. 

Digested preparations were mounted in salt silvtion (10 per cent.), 
or simply covered in the digesting fluid and sealed. 

A covered water bath was employed for carrying on the process ; : 
this was provided with a perforated tray, upon which rested covered 
metal boxes sufficient each for the accommodation of a slide or watch- 
glass (Pl. xm.). The water stood in the bath above the tray to such a 
height as not to set the boxes afloat. The slide with an excavated cell, 
or a watch-glass, having in ita pool of the digesting fluid, was placed 
on the supports in the box which contained a little water. The whole 
being placed on the tray with a thermometer, the coverings were put 
on, and a temperature between 100°—105° F. maintained. 

Being primarily led to the consideration of this subject by the de- 
sire to ascertain the exact arrangement of the parts in bone matrix, and 
wishing to avoid as much as possible changes in its white fibrous sub- 
stance, prolonged action of chromic acid (} per cent.) on the bones was. 
allowed to occur before any decalcification with acids: was attempted. 
After three weeks in the chromic acid solution small quantities of 
nitric acid were from time to time added, until the texture had become 
fit for cutting. Sections were made by soaking out the preserving 
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agents in water for 24—48 hours, according to the size of the piece of 


bone, saturating with gum mucilage and cutting. in the freezing micro; 


tome, Hand sections of bones prepared in NaCl and HCl were also 
examined. 

The bones examined were long bones of man, especially tibia and 
humerus, and also the ox’s rib; all adult structures. 

The ox’s rib in transverse section, examined with a low power 


(x 50), presented the most interesting study, both before and after | 


digestion, owing to the small proportion of Haversian systems that 
occur in it. Before digestion was performed the intermediate lamellz, 
the remains, in the inner part of the shaft, of the subperiosteal ones 
of an earlier date, were to be seen pervading the thickness of the 
osseous wall between the scattered Haversian systems, No partial 
remains of Haversian systems so common in the adult long bones of 
man were met with, and the intervals between Haversian systems were 
everywhere filled by the aforementioned lamelle of periosteal origin. 
The airangement of the Haversian systems, and their general behaviour, 
were less regular than is usually found to be the case in human long 
bones, The lamellation of the matrix in the systems and periosteal 
lamellz, as also in other parts, was more distinctly seen than is usually 
the case, and the contour lines of cement around the Haversian sys- 
tems, and tracts of lamells lining the interior of the shaft, as well as 


those composing the cancellous tissue, were evident. Examination 


with a higher power (x 300) shewed the lamellation to be fairly dis- 
tinct, the appearance resembling much that figured by Ranvier, only 
the fibrillation was more distinct. Bridges connecting band-like sets 


of lamella to each other, and leaving small intervals between them, 


were evident, 

The same section having been subjected to trypsin digestion, until 
it became somewhat limp, was re-examined microscopically. 

Under a low power (x50) a considerable change was observed. 
First, the cement lines which were visible before now looked like sharp 
incisions bounding their respective territories, the digestive action 
having attacked wie substance toemerly there and removed it, leaving 
clefts. 

Next there were to be seen disturbances in the arrangement of the 
intermediate lamelle in the inner part of the shaft; these presented 
a confused mass near the inner surface, and in some places were entirely 
wanting, there being gaps in the section (Pl. x1. Fig. 1), The Haversian 
systems stood intact amidst the débris, as did also the masses of lamella 
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forming the inner surface of the shaft and cancellous tissue. All these, 
perfectly preserved and presenting no change beyond the increased dis- 


tinctness of their general outlines, were in close relation to the inner 
~~ periosteal lamell that had been disintegrated. At the line where 


_ these masses terminated, either at a gap or in contact with the deranged 
matrix, their edges stood out sharply and clearly. The constitution of 
the cancellous tissue masses of lamelle, either limited or extending 
over a large extent of the free service of the various spicules, gradually 
melting to a thin edge or ending abruptly in sectional view, were all © 
distinctly visible. 

Tracing the appearances from the changed inner portion of the 
shaft wall to the exterior, towards the periosteum, the section seemed 
less and less affected until about half way towards that structure where 
the matrix regained its usual aspect; the parts beyond and the peri- 
osteum being the same exactly as they were before the section was 
exposed to the action of the trypsin. The transition from the almost 
totally disintegrated to the complete matrix was gradual, no abruptness 
being noticeable. Amongst the débris with this power it was just 
possible here and there to make out a ring-like object that could not. 
be exactly defined, but which looked like the tubular remains of the 
channel for a blood-vessel. 

On moving the coverglass gently the débris in some places were 
seen to move, shewing that there was actual removal of substance and 
partial adherence of remnants, and not a clearing up of the parts, 

Examination with a power of 300 diam. shewed the lamellar struc- 
ture very plainly in the coherent parts, the alternating arrangement 
in the matrix of bands and rows of bodies being more distinct than 
before digestion and very sharply defined. This was especially the 
case in the Haversian systems and in the periosteal or intermediate 
lamelle in the middle of the shaft wall, immediately beyond the point 

where the disintegrated parts went over into the complete structure. 
The appearance was so distinct that there could be no doubt as to — 
the construction to be put upon the observed arrangement. Where the 
band and dot series were most markedly seen, that is where the plane 
of section had followed the course of one set of fibres, these alternating 

layers of bands exhibiting longitudinal fibrillation, and others composed 
of little blocks separated from each other by almost empty spaces 
occurred; the blocks exhibited a granular appearance, the sectional 


view of the fibrils composing the bundles to whose cut extremities the 
appearance of blocks is due (Fig. 2), 
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Particularly well seen, in the same locality, were the frequent junc- 
tions or fusions which lamelle of a similar direction undergo with each 
other: never was any transformation of direction noticed, that is, in no 
place could one set of fibres be seen to alter its direction in the plane 
in which it lay, so as at one time to present a longitudinal and at 
another a ‘transverse’ or markedly oblique section. Gentle curves may 
and no doubt do occur in the fibres of lamelle, insufficient in them- 
selves however to alter the relation of parts, In Fig. 2 are represented 
a number of such lamell, of periosteal formation, these being especially 
chosen on account of the behaviour of the lamellz and the little regu- 
larity of arrangement which obtains in them. 

Lamellz in longitudinal view are seen to divide, and, after running 
an isolated course, to join a neighbouring one. The same observation 
is not possible in the case of those cut transversely; the very thin 
longitudinal lamella may however, it is not unlikely, occupy a position 
in the cleft of one of these after its division has commenced. 

In the figure the lacunar outlines have been omitted; the spaces — 
occupied by them are indicated by the occurrence around them of the 
bundles of fibrille; the canaliculi are also omitted. These spaces are in 
every case, of the three represented in the figure, in the thickness of 
a lamella, the most marked being at s (Fig. 2); whilst in the two 
other cases the lacuna was situated to one side of the centre of the 
lamella; fibres are, however, seen outside them, so that they are 
enclosed in fibres having the same direction, the bundles splitting to 
envelop the lacuna, or rather in the course of the deposition of the 
fibres imprisoning them. 


A point particularly noticeable is the difference in the Seichiovin of 


the lamell#; the great irregularity seen here (Fig. 2) is one which 
appertains to the peridsteal lamellw, those of the Haversian systems 
being much more regular, a fact which has already been alluded to. 
The outlines seen under the low power represented by clefts where the 
cement contour lines originally were around Haversian systems and 
other masses of lamelle, with the higher power presented the same 
characters of distinct clefts sunk into the substance of the section, as if 
a clean cut had been made. The same occurred in the outlines of the 
masses forming the cancellous tissue, in which latter also disintegra- 
tion of the remains of subperiosteal lamellze had taken place. 

_ The débris of the periosteal lamellz in the interior of ‘the shaft wall 
were found to consist of short stubbly masses of fibrillar bundles lying 
about in the field in a confused manner, representing the lengths of 
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fibres caught by the plane of section above and below, and which had 
occupied a vertical or oblique position before digestion: had they been 
thus seen, their cut ends would have appeared as rows of blocks. The 
bundles and layers of bundles were lying free, as if the cementing 
substance which originally held them together had been removed, and 
wanting this support the parts had fallen asunder during: the manipula- 
tion of the section. 

In this way a correct estimate could be formed of the smallest 
piece of tissue which would hold together on the removal of the 
cementing material, and this was found to consist of a number of 
‘bundles in a layer, having a gerieral direction parallel to each other, the 
arrangement in a layer being still maintained by lateral offsets of small 
bundles of fibrils uniting the larger primary ones. Besides this, occa- 
sionally a few layers were still loosely coherent, possibly by the occur- 
rence of erratic bundles coursing from one lamella into the other, but 
this did not by any means seem, as far as careful examination revealed, 
the main cause, the coherence was rather maintained by the oor 
piercing them, forming a frail bond of union. 

_ Amongst the white fibrous tissue remains elastic bres were ob- 
served, easily recognisable by their higher refraction, smooth outline 

and homogeneous appearance, as well as by the characteristic branch- 
ing. They were of different sizes, and, relatively to the white bundles, 
in some cases were half as thick, or rather more. They were by no — 
means scarce. In vain were elastic fibres looked for in the Haversian 
systems, where, from the dullish granular and fibrillar nature of the 
several parts, their bright appearance would have revealed them. Their 
absence in this position was not certainly determinable in this prepa- 
ration, and others from the same piece of bone subjected to a similar 
degree of digestion; but was conclusively demonstrated in the case to 
be presently mentioned, in which the entire matrix was rendered 
transparent, and yet not a trace of elastic fibres was found in this 
particular situation. 

In those places in which least débris remained, in uae corners, 
lacunar bodies with branching processes were met with, either singly 
(Pl. x11. Fig. 4), lying at a short distance from débris, or the ragged 
edges of the subperiosteal mass of lamelle, and still connected with 
them by their processes; or in groups of twos (Fig. 5) and threes, 
united to each other by a delicate tracery of branching processes, which 
was however sharply defined. 

_ Carrents 3 in the mounting fluid caused these bodies to sway about 
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freely, the processes bending with apparently little resistance, ex- 
hibiting little tendency to elastic recoil, as they recovered themselves 
slowly. Those canalicular membranes which projected with unattached 
extremities moved readily with slight currents, the impression conveyed 
by the behaviour of a lacunar membrane with its processes being more 
that of a soft ductile substance with inferior elastic properties, the 
elasticity being sufficient for the slow recovery of form after displace- 
ments were caused, than of stiff highly elastic material. - 

Inside each lacunar membrane there was a brightly refracting body 
(not shewn in the figures), which filled them to a greater or less extent. 

These branching bodies could be nothing else than the lacunar 
membranes with their tubular prolongations, the canaliculi, whilst the 
contained mass was what remained of the bone-cell originally enclosed, 

and probably the nuclein alone, as Kiihne’s statement would point to. 
_ Amongst the débris, moreover, were seen large tubular structures, cor- 
responding to channels for blood-vessels, before noticed with the low 
power, and which bristled on their exterior with a number of short 
processes. _ 

From their size and appearance these were evidently the remains of 
canals for blood-vessels in the periosteal lamelle. In their interior the 
perivascular connective tissue could be made out, as well as the blood- 
vessel, the latter recognised chiefly by its lumen. 

The processes projecting from the surface of the cylindrical mass 
were firmly attached as far as could be made out, and exhibited rather 
pliancy than elastic recoil, being freely swayed to and fro by currents 
produced in the fluid. Their behaviour and appearance answered ex- 
actly to that of the branching processes from the lacunar membranes, 
and in consequence they were determined to be the central ends of 
such tubular processes attached to the periphery of the vascular canal. 
The exact manner of the attachment, however, could not be ascertained 
in these preparations, 

The results of the Mevation of the sections of this ox’s rib (other 
sections than the one particularly described above were. similarly treated 
and in the main gave like results) point to the fact that the inter- 
mediate lamelle of periosteal origin, and especially those. towards the 
interior of the shaft, are more readily affected by trypsin digestion than 
those nearer the periosteal surface, and that the Haversian systems and 
internal masses of lamelle forming the inner surface of the shaft and 
cancellous tissue have a power of resisting a degree of digestion which 
the intermediate lamellz in their close neighbourhood have not. 
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It is true that the conformation of a Haversian system is in favour 
of the cohesion of its component lamelle, from the peculiar curvature 
which the fibres must have in the concentric arrangement, as well as 
the fact that the canalicular membranes would remain to add to the 
stability where the cementing substance had been removed, but this 
will not explain the coherence of the inner masses of lamellez which are 
not disposed in this way and yet hold together. Nor can this greater 
resistance be due to the freer access which the hardening agent had 
both to the inner and outer surfaces of the shaft, for blood-vessels or 
canals for them existed in the disintegrated portions which would 
admit of as free an access to the hardening agent in this position as 
in the Haversian systems placed at the same depth in the wall. 

The action of the chromic acid was to retard the action of the 
trypsin upon the fibrillar bundles and the interfibrillar substance, the 
latter dissolving with a different degree of rapidity according to its 
situation ; and this is evidently the seat of the changes produced by 
the digestion, for the liberated bundles and fragments of lamellz were 
simply disunited from each other by the removal of something, the 
cementing substance, which held them together. The lacunar and — 
canalicular membranes had been rendered insoluble by the prolonged 
action of the chromic acid, and to such an extent that they persisted, 
after all the other textures entering into the formation of bone matrix, 
except elastic tissue and nuclein, had disappeared, as shewn in the next 

case, where a more complete digestion was effected. 

The green colouration due to chromium oxide was general over the 
whole preparation, for the sections after cutting lay some time exposed 
to the light in water, to wash out the gum used in freezing, during 
which time the tint became fairly uniform over the section, the excep- 
tion being that the periosteum and muscular fibres attached to it, as 
well as the bone in its immediate neighbourhood, but not extending 
' inwards beyond a few lamellw, were more deeply tinged. If this again 
be taken as an indication of the extent to which a tissue may be 
affected by trypsin digestion, apart from other considerations, it throws . 
no light upon the greater persistence of the Haversian systems further 
in, and the internal lamellz, which were of the same tint exactly as the 
surrounding masses of intermediate lamellz. 

In view of the above facts the inference is permissible that the 
inner or older intermediate lamelle are less resistant than those close 
to the periosteum. They are more subject to change than the younger 
ones, and thereby is explained the necessity for the occurrence of © 
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Haversian systems to replace an aged structure, which is no more 
capable of supporting the strain thrown upon it, or at any rate to re- 
inforce the old structure by itself insufficient for the purposes it is 
called upon to cubserve. 

reasoning extends to the old Haversian systems 
for they undergo replacement by the deposition of new systems to a 
greater or less extent in their own areas, as is seen in the long bones of 
man, especially in the larger ones, such as the tibia and femur. 

In considering the remains of the canals for blood-vessels found in 
the disintegrated intermediate lamellz before mentioned, there. were 
indications of a connection between the canalicular membranes and the 
_ cylindrical mass alluded to, which pointed to some intimate connection 
between these structures, 

In order to investigate this, sections of the same ox-rib were digested, 
until hardly a vestige remained, a faint flocculent sediment being alone 
visible to the naked eye; this was carefully collected on a slide, as 
much as possible of the accompanying fluid removed with blotting 
paper, and a drop of 10 per cent. salt solution added as mounting fluid. 
_ The sediment on examination (obj. E. Zeiss and oc. 3. Hart) 
shewed numbers of Jacunar membranes with their branching tubular 
processes, and containing the usual refracting body. In some of these 
Jacunar membranes, canalicular membranes broken off short were 
observed in such a position that the broken end of the tube could be 
looked down upon and its tubular nature verified. . 

The tubular membranes representing the channels for blood-vessels 
provided with bristling processes were seen in considerable numbers, 
in transverse as well as in side view. Owing, however, to the degree 
to which the fibrous elements resisted the action of the digestive agent 
and the presence of perivascular connective tissue inside the cylinder, 
lying close to the walls, it could not be determined with certainty 
whether the canalicular membranes were in some way united to this, 
or were fused into a distinct and separate layer on the surface of which 
there seemed some appearance. In the expectation of better results 
sections of a human tibia were digested, which had been more rapidly 
softened by preserving in chromic and nitric acid fluid’, without any 
previous exposure to chromic acid. 

The appearances differed materially from those in the case of the 
rib, The matrix became transparent at an early stage, presenting a 


1 Vide Rutherford’s Practical Histology, 2nd Ed., p. 3. 
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perfectly homogeneous mass to the view, in which the lacunar mém- 
branes were distinctly seen with their processes, so that the lacune of 
an entire Haversian system, connected by their canaliculi, could be seen 
lying in a faintly green jelly-like material. The canaliculi opening into 
the Haversian canal were made out distinctly to be in connection with 
a thin sheet of substance on the surface, which, by its higher refraction 
corresponding to that of the canaliculi, stood out very clearly. As thin 
sections as possible were treated, so that any perivascular tissue present 
might easily undergo accidental removal. Little or none of this tissue 
was found, and the view was unimpeded. Further digestion removed 
the matrix, but owing to the delicacy of the canalicular membranes, 
large tracts of lacuns connected to each other and to the internal 
membrane were not of frequent occurrence. The internal lamina’ 
itself, however, was easily obtained. 

The canaliculi were found to be continuous with it, and where they 
joined it a little funnel-shaped enlargement occurred, as well as a 
_ depression in the membrane itself, the latter being due to the accurate 
adaptation of the membrane to the subjacent part.of the matrix, which, 
consisting of fibrous bundles regularly arranged, allowed a slight sinking 
in of the membrane in the intervals, which was intensified where the 
canaliculi joined it. Owing to this the membrane presented on its free 
surface a regular pitted appearance, which in oblique view looked wavy, 
as shewn in Fig. 6. In superficial view there was no sign of markings, 
the membrane being quite homogeneous and transparent. Long strips 
of this membrane were met with, dotted regularly all over with small 
apertures when the membrane itself was in focus, but which on the 
focus being altered were found to be continuous with short fragments of 
tubes standing up from the surface. Occasionally a lacunar membrane 
might be found lying on it that moved slightly with currents, but did 
not shift away, being attached by its canaliculi. 

- Some fantastical shapes were met with amongst these membranes, 
evident y due to stripping of branched Haversian canals of their lining. 

_ In some systems membranes similar to that lining the canal were 
found further in the matrix towards the periphery, sometimes at no 
very great distance from the central canal. Such a membrane is shewn 
in (Pl. x1.) Fig. 3, where b is the internal, and a the outer one, situated 
in the substance of the matrix. 


1 A somewhat similar membrane has been seen by Neumann and Kélliker “ 
Anat.). 
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‘There could be no doubt of the similarity of the two structures, 
as & projecting piece was met with in a broken system which 
presented the same appearance as the isolated membrane before de- 
scribed, the only difference being occasional irregularities in membranes 
in situ, which looked as if there were a double layer in some places, 
but of this I could find no satisfactory demonstration, and the ap- 
pearance may have been due to folding at the edge. Canaliculi 
terminated in this in much the same way as in the other case, and 
on each side of it. They did not always correspond to each other's 
terminations, an occurrence which would point to the possibility of 
spaces occurring in these situations for the passage of the lymph. 
This may to a certain extent explain the irregularities above men- 
tioned ; the canaliculi may however take sharp curves in the neigh- 
bourhood, and so come in contact with those of the other side. This 
membrane is of interest, as it no doubt evidences a considerable period 
of cessation in the growth of the Haversian system. Lamelle having 
been. deposited so as to narrow the lumen of the central canal to a 
certain diameter a cessation has occurred in the deposition’ and what 
may be called the more permanent state imitated, a membrane being 
produced. Later, as the deposition recommences, the lamelle are 
simply laid upon this membrane in succession, until the final lamella 
has been elaborated, and the whole is finished off by the application 
of the inner membrane, — 

- These membranes in all ptebability 2 are formed by the osteoblasts as. 
a terminal act, and it were possible to suppose a number of such cor- 
puscles, when lamellar deposition has ended, in the construction of 
which they may or may not have assisted, possessed solely of the 
functions necessary for the formation of the membrane in question. 
A function similar to that possessed by the bone-cells in the lacune, 
which it is not unlikely have from the first a distinct duty in the main- 
tenance of channels in the bone matrix, in process of elaboration, and 
to which they supply a lining membrane. The inner membrane is the 
representative of the lymphatic vessel in the blood-channels of bone, since 
it is the outer limit of the perivascular lymphatic which opens directly 
into the canaliculi and lacunz as injections shew (Budge). I have per- 
formed their injection to a limited extent by subperiosteal injection of © 
~ nitrate of silver solution, but have only obtained very. indifferent results. 
There is no question of the permeability of the canalicular system 
through the perivascular lymphatic ; what however was desired was the 
demonstration of a layer of endothelial cells, if such there was, on the 
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‘surfa¢e of thé Haversian canal, in some way connected with the canali- 
culi, but in all cases I have failed in demonstrating such forms’. 

Before passing on I may mention that lacune with recurrent canali- 
uli (Ranvier) were found in the peripheral parts of systems in these 
sections; also at rare intervals in different parts very thin lacune were 
met with, which looked as if they had collapsed; the enclosed body, 
still visible, was very small, and the whole lacuna appeared more like 
the tapering extremities found at the ends of the lacunz. These col- 
lapsed lacunz have been noticed by authors. 

In these sections the lamellation was not well marked before diges- 
tion, and became less so as it proceeded. Careful search was made for 
elastic fibres in the Haversian systems, but none were found. 

In Fig. 7 a portion of the matrix of such a system in a somewhat 
oblique section shews still a faint lamellation. 7 

A lacuna is distinctly seen, with its canaliculi and short pieces of 
eanaliculi lying in the neighbourhood, which could not be mistaken for 
elastic fibres from their appearance, which is not so highly refracting, 
and also by their direction, which is vertical to the plane of the lamelle, 
whilst those described hold a parallel course to the fibres amongst which 
they run; therefore bright refracting dots would have: been expected, 
but none were found, and in this section the continuations of the fibres 
into deeper parts would have been made out. 

Elastic fibres of varying size were found amongst the débris, and 
easily recognised amongst the periosteal lamellz. It is — this that 
I base myself, in opposition to v. Ebner, 

_ Lastly digestion was performed upon sections of bone (human, 
humerus) that had been preserved and decalcified in the HCl 3-per 
cent. and NaCl 10 per cent. fluid already mentioned. Hand sections 
of the tissue taken from salt solution, in which it had been placed 
without the acid when softened, were made and kept in the same fluid 
until placed in the digesting mixture. They were simply put into 
‘the glycerin extract fluid, no inconvenience resulting from the small 
quantity of salt present in the section. ; 

After the digestion was complete, the section was mounted in 10 per 

cent. NaCl solution. 


A short digestion was sufficient to remove the interfibrillar cementing 


1 A layer of endothelial cells accompanying the blood-vessels in the Haversian canal, 
as a sheath, has been demonstrated by Rauber (Med. Centralbl. 1876), Budge (l.c.), and 
Schwalbe (Zeitsch. f. Anat. ti. Entwick. u.). No special relation between this layer and 
the wall of the Haversian canal has been assigned. 
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substance, as well as all traces of the lacunar and canalicular membranes 
and those of the canals. The only remains were the fibrous-tissue 
elements and bone-cells, the former being little altered. | 

With different periods of digestion it was found that the inter- 
mediate lamelle disappeared first, and next to these the old Haversian 
systems, but the effect produced was not so marked as after treatment 
with chromic acid. 

The disappearance of the membranes is a Aaiesbls evidence that 
they are not of a an — rani as held by Virchow. 


Summary. 


From the piiiie I would conclude that : 


1. A lamella of bone consists of a number of itie of fibrils 
arranged in the same plane and in the main parallel to each athe, 
- but communicating occasionally by lateral offshoots, 


2. Neighbouring lamelle have the direction of the fibrils set at 
different angles, and the fibres of alternate lamellz correspond to each 
other in direction very closely. 


3. There are no elastic fibres in the lamellee of the Haversian 
systems. 

4. There isa membrane around the lacune and canaliculi, isclable 
throughout its connections, and especially after treatment with chromic | 
acid and digestion by trypsin. 


5. The canaliculi are continuous with a membrane lining the 
Haversian canal, this being homogenous in structure, and of the same 
nature as the membrane of the lacunz and canaliculi. 


6. These membranes differ in nature from the cementing sub- 
stance, as evidenced by the above-mentioned reactions, and are not 
mere. condensations of that substance, as their outlines are sharply 
defined, and perfectly even when isolated by the process mentioned. 


7. Periods of cessation in the deposition of Haversian systems of 
considerable duration probably occur, be the cessation throughout the 
length of the system or partial, and a membrane is formied at such 
periods around the temporary lumen similar to that which is aferwards 
formed round the permanent canal. 7 
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8. In consideration of the behaviour of tryptic digestion in pro- 
ducing the appearance described as occurring in the ox’s rib, the older 
intermediate lamellz are less resistant than the younger ones, and than 
the Haversian systems and masses of inner lamellee, some change apes 
taken place in the cement. 


DESCRIPTION OF THE PLATES. — 
Pl. XI. Fig. 1. A portion of the transverse section of an ox’s rib. 


| Shewing the effect of a slight digestion by trypsin. Bone hardened in 


chromic acid and -decalcified by the careful addition of ‘nitric acid. p. 
Periosteum. pl. That part of shaft wall mainly occupied by periosteal 
lamelle ; the structures are intact beyond the sharper definition of the con- 
tour lines where a removal of the cement has occurred. 7 Inner part of 
shaft, in which the effect of the digestion is most marked, The Haversian 
systems and internal masses of lamelle as also those of the cancellous tissue 
are intact. a. Gap where the intermediate lamelle are gone, 6. © 

for blood-vessel in these lamelle. 


2. Periosteal lamelle from ox’s rib after brief digestion. Bone 

1. A lamina in longitudinal section. ¢ One 

in transverse section. »s. Space for lacuna. The outlines of lacune and 
are omitted. 


Fig. 3. Part of a Haversian system. The matrix has become homo- 
Sage es and t nt. «@. Membrane indicating former limi: of the 
Later membrane lining permanent channel. ; 


Pl. XII Fig. 4. A lacunar membrane with its canalicular pennening 
processes isolated from periosteal lamellz, 


Fig. 5. Two similar lacunar membranes united by their canaliculi, From 
the periosteal lamelle, | 


Fig. 6. Shews oblique view of isolated membrane from inner surface of 
Haversian canal, its surface is pitted. The canalicular membranes are con- 
tinuous with that of the canal. Three lacuns are shewn joined to each other. 


Fig. 7. Some lamelle from a Haversian system of the same bone as fig. 3, 


but less digested. a. Lacuna and some canaliculi are seen. 


Pl. XIII. The upper left-hand figure is the representation of a metal box 
for carrying on digestions in (after Kiihne). A. Diagram illustrating theo- 
retically the constitution of lamelle and the relative arrangements of their 
fibres. Two superimposed lamelle are shewn. The dotted lines B and C’ 
are directions of section. B and C respectively represent the views, resulting 


from the above sections. A greater number of lamelle are shewn side by 
| it than are given in as 
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ON THE TIME-RELATIONS OF .-THE EXCITATORY 
PROCESS IN THE VENTRICLE OF THE HEART 
OF THE FROG. By J. BURDON-SANDERSON, MD,, 
‘ERS. and F. J. M. PAGE, B.So, 


| _ INTRODUCTION. 
THE purpose of the present research is to study the order and suc- 


cession of the phenomena which accompany or are associated with the 


excitatory state in the ventricle of the heart of the frog. Itisintended 


to be introductory to further investigations of the excitatory process in 
plants and animals. 

As regards voluntary muscle it has been established that each 
single contraction, whether it occurs by itself or forms part of a tetanic 
series, is preceded in each structural element by a state of excitation 
marked by diminished excitability and electrical disturbance, and that 
the relation between the invisible molecular change in the living sub- 
stance of which these are the signs, and the succeeding changes of 
form; are so intimate that the former must certainly be regarded as 
the indispensable antecedent of the other. That this is so, has been 
learnt by investigation of the times (as measured from the moment 
of excitation) at which each several change (whether of excitability 
or of electrical or mechanical condition) begins, culminates, and ends. 
The guiding principles to be observed in these investigations have 
been laid down by our great leaders, Helmholtz, Donders, du Bois- 
Reymond, and the methods to be followed have been exemplified in 
their researches, and fruitfully applied, in various directions by their 
successors. As regards the subject now before us we owe most to 
the labours of Engelmann, whose researches on the propagation 
of the wave of contraction in the ventricle, on the electromotive pro- 
perties of the resting heart, and on the electrical changes which imme- 


diately follow excitation, leave little more to be done. The facts he 


has observed so laboriously and recorded with such exactitude, serve 
as the starting point for the experimental work of which we now 
present the results. Before doing so, however, the reader must be 
put in possession of the existing state of knowledge of the subject. 
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| L The time-relations of the Ventricular Contraction. 


By the following simple and conclusive experiment Engelmann 
has shown that the change by which each muscular element of the 
heart substance passes from the state of relaxation into that of con- 
traction, is propagated from element to element with equal facility 
in every direction. The ventricle of a frog just killed is cut into bits 
in such a way that each bit, the end one excepted, is united with 
its neighbour on either side by a bridge of muscular substance less than 
a millimeter wide. The ventricle is then left for an hour or so in the 
moist chamber until the living tissue, of which the excitability is at 
first much impaired, has recovered from the immediate effects of the 
injury. It is then observed that, if the bits have been so cut that one 
of the terminal ones is united with the beating auricle and the other 
forms the apex, the strip pulsates rhythmically, the contraction begin- 
ning from the auricle and extending, after the manner of the peristaltic 
contraction of the intestine, from link to link of the chain of living 
‘substance. If the preparation is severed from the auricle there are 
no spontaneous pulsations, but contraction can be induced in any part 


of it by the passing of an induction shock, and it passes along the 


chain with equal facility and at equal rate in either direction. In 
repeating this experiment Engelmann found that the result was the 
_ same whatever the direction of the snips. . So that in respect of propa- 


gation every part of the ventricular substance would appear to be 


equally endowed : there are no special channels of conduction. 

In the chain of snips of contractile tissue, Engelmann found that 
the rate of propagation of the wave of contraction was sometimes so 
slow that it could be watched by the eye. In the most favourable cases 
it did not exceed twenty millimeters per second, but in the living heart 
he believes that it is undoubtedly faster, for an injury of which the 


first effect is to abolish the conductivity of the tissue, can scarcely — 


be supposed to leave it eventually normal. Thus even if it be admitted 
that in the entire ventricle the rate of propagation is no greater than 
twenty millimeters per second, it is clear that in a ventricle of ordinary 
size the time occupied in the spread of the contractile change from the 
base to the whole of the living substance of the ventricle could not 
exceed a fifth of a second. 

If it were possible to determine how ‘ia each individual element 
of the contractile substance remains in action after each excitation, 


and to deduct from this period the time occupied in the spread of the 
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contractile change from its centre or centres of origin to the whole 
organ, the difference would express the duration of the systolic con- 
traction. And conversely, if it were possible to determine how long 
the whole ventricle is in contraction and also the time required in 
the normal ventricle for the propagation of the contractile change | 
from base to apex, its duration in-each individual element could be 
accurately determined. That this is so, will be at once seen from the 
diagram. If the horizontal lines be understood to represent the 


periods during which as many individual contractile elements at 

different distances from the auriculo-ventricular groove are in action, 
it is evident that the time during which the whole organ is in con- 
traction corresponds to the distance a’ 6, that is to the period of 
action of each individual fibre minus the period of spread. _ ; 
To the best of our knowledge the only data from which the duration 

of the ventricular systole can be learnt are the very scanty ones which 
are contained in the well-known research of E. Cyon on the influence 
of temperature on the heart’. This paper does not, indeed, contain any 
measurements, but it is stated generally that between 0°C. and 18°C. 
(see p. 110) the sum of the periods occupied by the heart in active con- 
traction in a unit of time is constant and independent of the frequency 
of the beats. What this sum is, is not stated, but from the facsimiles 
of the graphic records it may be deduced that it amounts to about 
12” in every minute: consequently, as at 7°C. there are about eight 
beats per minute, and at 14°C. about twice as many, the duration of 
_ the systole must be about one and a half seconds at the former tem- 
perature, and three quarters of a second at the latter. If therefore 
we assume that between these temperatures the ventricle occupies 
a whole second in contraction, and that one-tenth of a second is lost in 
propagation, each individual contractile element must be at least 
eleven-tenths in action. But for our present purpose such conjectural 
estimates are of no value. To determine the time-relation between 
the excitatory and contractile change | in the ventricle, it is necessary 


‘Herzschliige,” von Dr E, Cyon, Ludwig’ 8 Arbeiten, 1866, p. 77. 
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to measure their duration in the same heart and if not at the same 
time, under the same conditions. 

In 1856, Kélliker and H. Miiller’ made the important discovery 
that the “negative variation” can be observed in the beating heart. 
They found that when the ventricle, after having been cut off on the 
auricular side of the groove, was placed on the electrodes of the multi- 
plier with the cut surface against one pad and-the apex against the 
other, the needle swung one way when the heart was at rest, the — 
opposite way during the systole. ‘They then proceeded to apply to the 
pulsating heart the nerve of a rheoscopic limb of a frog. 1t was found 
that if very excitable preparations were used, whether the nerve was 
laid across the ventricle or in the direction of its length*, the muscles 
of the limb contracted “a scarcely perceptible time before the systole 
of the ventricle,” and further, that in certain cases, a second feebler 
twitch was observed at the beginning of the diastole, which was con- 
sidered by the authors as dependent on a positive variation of the muscle 
current of the ventricle coincident with its relaxation. : 

The discovery remained fruitless until 1872, when Donders 
published the paper® on “secondary contraction from the heart,” 
which served as the basis for all that has been done since. Donders 
confirmed the observations of Kélliker and Miller; and by the 
skilful application of the graphic method, determined the time- 
relations of the phenomena with the greatest accuracy. He found 
that in addition to the systolic twitch of the rheoscopic limb, its muscles 
contract whenever the nerve is brought into contact with the surface 
of the heart, and in many cases also when it is withdrawn—observing 
at the same time that the make and break contractions were not always 
present, und that their occurrence appeared to be in relation with the 
degree in which the surface of the heart had been exposed to external 
influences. Well aware of the bearing of his experimental results on 
the “pre-existence question,” he with admirable caution, refrained 
from even putting into words the inference suggested by them, namely, 


renden Muskel.” Verhandlungen der physicalisch inischen Gesellschaft in Wirzburg, 
Band v1. p. 528, 

* In the first experiment the nerve was applied to a cut and to a natural surface. Sub- 
sequently it was found that this was of no importance. The nerve was placed ‘“‘quer — 
iiber die Mitte der vorderen Fliche der Kammer, so dass er nach dem linken Herzrande 
anlag.” 

a” Rustende splerstrooms en secundaire contractie, uitgaande van het hart.” Onderz. 
physiol. lab. Utrecht. Derde reeks 1. 1872, p. 256, 
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that (to quote from Engelmann’) “the surface of the uninjured heart 
exhibits no differences of electric tension.” The investigation of the 
electromotive phenomena of the ventricle was next taken up by 
Engelmann in 1873, who discontinued the use of the physiological 
rheoscope and had recourse to the reflecting galvanometer with com- 
pensation, In this way the truth of the inference we have quoted 
was established by the most carefully conducted measurements, into 
the details of which it is unnecessary to enter, considering that the 
all-important fact which was established by them—the electrical 
equality of the surface of the heart—does not admit of being disputed. 

As regards the duration and other time-relations of the excitatory 
electrical change or variation” of the heart ventricle, the earliest ex- 
periments were made by Engelmann in 1874 (see Engelmann, 

‘Ueber das Verhalten des thatigen Herzens.” Pfliiger’s Archi, 
Band xvit. p. 68). They were however not published until much later 
(after the communication of our first paper to the Royal Society). ‘I'he 
first published research on the subject was by Dr Marchand of 
Halle (Marchand, “ Beitrage zur Kenntniss der Reizwelle und Con- 
tractionswelle des Herzmuskels,” Pfliiger’s Archiv, Band xv. p. 511). 
As these researches have a direct bearing on questions to be hereafter 
considered, they must be discussed at some length. 

- Dr Marchand’s mode of observation was to excite the ven- 
tricle-apex preparation, after connecting it with the galvanometric 
circuit by contacts at its apex and base, by passing induction shocks 
in the neighbourhood, first of the one then of the other electrode, 
compensating whatever difference of potential might manifest itself 
between the two contacts, in the usual way. A Bernstein’s differ- 
ential rheotome was introduced into the galvanometric circuit, by 
means of which that circuit could be closed for a limited period of 
time (usually one-tenth of a second) at any required moment after 
excitation. In this--way the course of the variation (Verlauf der 
Reizwelle) was investigated in each successive phase of its duration. 
In the tables which accompany the paper Dr Marchand has given 
the readings of the galvanometer and the rate of revolution of the 
rheotome, and the readings of its scale, leaving it to the reader to 


1 “De electromotorische verschijnselen der spierzelfstandigheid van het hart.” Onder- 
zoekingen, &c. Derde reeks ur. p. 106. 

2 We have found it convenient to continue to use the term “ variation” to, denote 
the excitatory electrical change, notwithstanding the misconception on which its first 
employment was founded. 
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translate these data into time, The general character of the results 
obtained may be judged of by the following table, which represents 
No, XVIL, an observation selected by the author as typical. (See 


527.) 


Readings of of the scale’ of Bern-)| 

= 3] 1 | 97 | 9% | 90 | 80 

Time after excitation of open-|| py : 
ing of galvanometer cirentt 2703 | 0°05 | 012 | O16 | 0-22 | 0-37 
Deflection of galvanometer 0 | +2] +1 
Readings of the scale of Bern- Se 
65 50 30 20 10 

Time after excitation of open-)| 9, 
peng eareoraernrga ate 0-60 | 0-72 | 0-97 | 1-07 | 1-27 | 1-42 
Deflection of galvanometer +1 },+25{] +4 |] +3 | +1 | +05 


_ The group of observations, of which No. xvi. is taken as an example, 
_ agree with each other in this respect, that in every instance the varia- 
tion consists of two phases, in the first of which the contact nearest 
to the seat of excitation becomes negative to the more remote one. 
As regards the time at which the transition occurs, that is, the 
relative durations of the two phases, there are great discrepancies. 
The galvanometer readings are moreover very small and irregular. — 
In another smaller group of which No. XXII. may serve as a specimen, 
the second phase is wanting, the excited region remaining throughout 
negative to the other led-off surface. From these data Dr Marchand 
concludes (1) That when the ventricle-apex preparation is led off at 
base and apex, the excitatory phenomena (the Reizwelle) vary accord- 
ing to the seat of excitation in such a way that “if the preparation 
is excited at the apex,. the first deflections indicate an ascending 
current, the subsequent ones a descending, and that if the excitation 
is at the base, the direction is reversed” (p. 530). This reversal, 
however, does not always occur (p. 532). (2) That the duration of the 
variation usually exceeds a second, and is always more than half a 
second—and this whether reversal takes place or not. Thus in 


1 Each division of the scale corresponds to ;}, revolution; the times given in the 
second line of the table have been calculated by us from the reading in the first line, The 
“closing time” of the rheotome was in Exp. xvi. 0-08, and the duration of a revolu- 
tion 1”°5, 
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Experiment Iv. to which Dr Marchand refers as an example of a 
variation of one phase, it lasted 1”4. (3) That the wave of excitation 
precedes the wave of contraction, the former manifesting itself three 
or four-hundredths of a second after excitation, the latter not until 
a fifth or sixth of a second. 

The author believes that the two phases of the variation (or to use 
his own term, of the Doppelschwankung) are the expression of the 
“ progress of a wave of negative tension from the seat of excitation,” 
but he leaves the question of the rate of propagation of the wave and 
the duration of negativity at any given point over which it passes un- 
determined. On this latter point he says: “The two phases of the 
excitatory variation cannot be isolated from each other, inasmuch as 
they partially cover each other. This would only be possible if the pre- 
paration were of such a length that the variation should be completely 
- over at one end (i.e. at one contact) before it began at the other. 
As, however, the curve which is the expression of the successive deflec- — 
tions observed in the successive stages of a variation always exhibits 
two maxima on opposite sides with an intervening point of indiffer- 
ence, it is really the sum of two curves of which the true length and 
true maxima are unknown, and it is not possible to determine at what 
time the maximum is attained and when the whole variation terminates. 
To arrive at these results, the curves might be used which represent 
simple variations (.e. not Doppelschwankungen). But in dving so it 
must be borne in mind that each such curve probably also contains 
another latent.” 

Here the author contents himself with bringing the reader face 
to face with phenomena which he admits himself unable to explain. 
From another part of the paper we learn that the rate of propagation 
of the contraction wave is more than 100 milliméters per second. If 
therefore, as the author on good ground believes, the excitation wave 
precedes the contraction wave, it must have the same rate of propaga- 
tion. Hence in the case of the ventricle, it would arrive at the base 
four-hundredths of a second after starting from the apex. This being 
so, how does the propagation of “a wave of negative tension” explain 
the fact that the “transition,” that is the indifference point between 
the first and second phase, occurs according to Experiment XVII, more 
than half a second after excitation? Again, how are we helped 
by it to understand the fact observed in Experiment tv., that the 
apex remains persistently negative during the whole variation, not 
attaiving its maximum until 1°3 seconds after excitation? Both 
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facts may admit of explanation, but they receive none from Dr Mar- 
chand. 

We have now to return to the more recently published researches 
of Prof. Engelmann already referred to, the importance and value 
of which makes it necessary to give as complete an account of them 
as our space will allow. As regards the method employed it is only 
necessary to say that ventricles cut off below the auriculo-ventricular 
furrow were used, and that the observations were made with the aid of 
Bernstein’s rheotome. 

In 47 out of 78 preparations, in each of which the ventricle was 
excited at a point near to one of the leading-off electrodes, remote 
from the other, it was found that “the nearer of the two became, 
on excitation, first negative then positive to the more remote.” 
In 31 cases the second effect was wanting. The result was the same 
whether the contacts were at base and apex or on opposite sides of the 
ventricle, whence it was concluded that “jeder Theil des Kammer- 
muskels waihrend der Erregung voriibergehend negativ electromotorisch 
wirksam wird, und dass diese Negativitaét sich vom Ort der Reizung 
nach allen Richtungen durch die Kammer fortpflanzt” (p. 78). 

In the next section the results of actual observations are given in 
the form of curves, of which the abscissae represent the times after 
excitation at which the observations were made and the ordinates of 
the deflections observed. The first of these curves is the mean result 
of 33 experiments, in all of which there was “ Doppelschwankung,” 
i.e. the variation consisted of two phases as above described. It shows 
that in these experiments (in which the ventricle was excited at the 
apex and led off by two contacts, of which one was near the apex and at 
a distance of two millimeters from the seat of excitation, and the other 
at the base and three millimeters from its fellow) the two leading-off 
contacts were isoelectrical until 0-06 after excitation. From that 
moment the negativity of the nearer contact rapidly increased, cul- 
minating at-0’°16, and then as suddenly declined and was succeeded by 
positivity which attained its maximum at and had completely 
sided by half a second after excitation. Another curve relating to ten 
observations in which the distance from the seat of excitation to the 
nearer contact was very short, and in which consequently the variation 
began immediately after the excitation, exhibited the same phases and 
the same sudden reversal of the direction of the electromotive force, 
due ‘no doubt to the arrival of the negative wave at the second or 

more remote of the two electrodes” (p.79). As however it was always 
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observed that the positive effect was much smaller than the negative, it 
seemed necessary to assume that the “negative wave reaches the second 
electrode before it has attained its maximum at the first” (p. 78). 

The total duration (Gesammtdauer) of the electrical effect of excita- 
tion is estimated at 0'°43 when the variation consists of two phases, but 
only 0:21 when it consists of a negative phase only; and hence the. 
author concludes that the local duration (Grtliche Dauer) of negativity 
does not exceed 

The rate of propagation of the negative wave was not found by 
Engelmann to be in any instance as great as 50 millimeters per 
second. In general it was only 20 mm. per second, but in two perfectly 
fresh preparations it was above 40 mm. (p.91). The mode of observa- 
tion was as follows :—the interval of time between excitation and the 
beginning of the variation was measured in a sufficient number of cases 
in which the distance from the seat of excitation to the nearest 
leading-off contact was known. By then deducting the shorter from 
the longer distances, and writing each of the differences over the 
difference in time corresponding to it, fractions were obtained which of 
course expressed the rate (number of millims. per second) at which the 
effect would have passed from the nearer to the further contact. 
_ Another estimate of the rate of propagation was based on the assump- 
tion that it corresponds to the ratio of the distance between the 
leading-off electrodes to the time-interval between the negative and 
positive maxima of the variation—it being supposed that the interval 
would express the time occupied in the progress of the wave from 
the one contact to the other’. 


I. Tae Excrratory VARIATION IN THE UNINJURED STANNIUS’ 
PREPARATION. 


és account of the construction of the rheotome and the mode of 
using it for the purpose of investigating, during successive short inter- 

‘vals of time, the variations of intensity and direction of currents 
passing through it, will be found in an Appendix at the end of this 
paper, For the present purpose the galvanometric circuit, in which the 
rheotome is interpolated, has the arrangement shown in the figure. 


1 Prof. Engelmann’s results as to the ‘refractory period” and as to the electromotive 
force of the variation will be referred to under their proper heads. 
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When the keys K, K', K*, K* and K° are open, and the switch W is 
in the position shown, any current between f and m passes through 
the galvanometer G@, the compensator (, and the rheotome R. Only 
one of the four pairs of mercury pools of the rheotome is used, so 


that the circuit is closed once in each revolution. The binding 
screws for the outer pools of the rheotome (unly one of which con- 
tains mercury) are connected with the key &k, the wire from. one of 


the blocks of which passes directly to one pole of a battery of two 


Groves. The other wire leads to the opposite pole first through the 
primary coil of the induction apparatus, and secondly through a mer- 


-curial contact (not shown in the diagram) which, so long as no current 


is passing through the primary coil, remains closed so as to short-circuit 
the terminals of the secondary coil, but is opened by the action of an 
electro-magnet whenever the primary current is closed. As however 
this does not happen until the closing induction current is over, this 
current is without effect on the preparation. The key &’ in the second- 
ary circuit is of such construction that it remains closed when not held 
open by the observer. The first step in every observation is to close 
the key K and adjust the slider of the compensator, having first turned 


the reverser w in the proper direction, so that the needle is at zero. The 
rheotome having been set by a table previously caleulated for the 
. .. period after excitation to be investigated, and allowed to revolve, the 


key K is opened, when if all is in order; the needle will be motionless, _ 


_. The key & is then opened, and closed again the moment that the click 


of the electro-magnetic lever is heard. As it is of great advantage to 
possess a general knowledge of the character of the variation before 
beginning a rheotome experiment, a preliminary observation should 
always be made with the capillary electrometer (Z). For this purpose 
the key K is closed and the switch W turned to the right. The gal- 
vanometer used is one made by Elliott Bros. It has a resisiance of 
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5244 ohms, and when adjusted for the greatest attainable sensibility, 
qtsy Daniell gives with a resistance in the circuit of 13,000,000,000 
ohms, a deflection of one degree of the scale. We find that a sensibility 
which is about a third of this is suitable for our purpose. We adjust 
for a deflection of 350 divisions for an electromotive force of zo, 
Daniell and resistance of 10,000 ohms in addition to that of the gal- 
vanometer. 

The electrodes have the following construction :—each consists of a 
u-shaped tube containing saturated solution of zinc sulphate, about 
six millims. in diameter, which is supported by a brass holder. In one 
limb of the tube is plunged a zinc wire which is hammered out into an 
oar-shaped end, and the surface so obtained is carefully polished and 
amalgamated. The other end of the wire is held by a clip which forms 
part of the holder, The other limb of the U contains a short bit of 
tube filled with kaolin moistened with solution of zinc sulphate. The 
top of this tube projects 3 or 4 millimeters from the tube which con- 
tains it. On this projecting part a mass of kaolin moistened with three 
quarters per cent, solution of salt, shaped like the head of a bird, is 
supported. When the electrode is in use, this is in contact with the 
surface of the preparation by the tip of the beak. These electrodes 
have a resistance of about 8000 ohms. 

In our earlier experiments the preparation was so placed on a sup- 
port of cork, the surface of which was covered with wax mass, that the 
ventral surface of the ventricle was exposed. The preparation was irri- 
gated with a mixture of defibrinated frog’s blood and 0°75 per cent. 
solution of chloride of sodium. In the first experiment the leading-off 
electrodes and the exciting wires () were in line, # being at the apex 
of the-ventricle. One of the leading-off eleetrodes (m). was at a distance 
of one and a half millims, from a, in the direction of the base of the 
ventricle, the other (f) one and a half further in the same direction. 
The distance of the secondary coil from the primary was six centims. 

The character of the variation was first investigated with the -aid 
of the capillary electrometer. As so observed; the excitatory effect 
consisted in a movement of the mercury column which immediately 
followed the excitation and was in a direction indicating that the con- 
tact m became negative. This was succeeded, after an interval, by 
a movement in the opposite direction. The extent of each movement 
was about three degrees of the electrometer scale. 

[1] The results of the observations of the rheotome, of which the 
rate of revolution was one in twelve seconds, were as follows:—When the 
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period of closure of the galvanometer circuit ended at 0”’05 after ex- 
citation, a slight negative deflection was just visible: when it ended at 
0-08 the deflection was —10 divisions of the galvanometer scale: at 
0-11, —7: at 014, —trace. Hence, as the closing time lasted 0”-06, 
the duration of the negative phase was about ;%,”. This was followed 
by a period of 1-32 during which the surface of the heart remained 
 isoelectrical. From 14 after excitation to it was positive, 2.¢. the 
apex became positive to the base. The contraction of the ventricle was 
then recorded graphically. Its duration was found to be 1”11. Re- 
laxation had fully begun between 1°36 and 1°56 after excitation. 

[2] In a second heart, the initial phase began at 0’-04 and lasted 
until 035, after which there was a period of equipotentiality of one 
second, the terminal phase beginning at 1”°3 and lasting until 17 after 
excitation. In these two experiments the positive and negative deflec- 
tions were of nearly equal extent. The period of closure was 0”-06 
throughout, the temperature 16°5 C. to 17° C. 

The observations just related exemplify the phenomena which pre- 
sent themselves in the uninjured ventricle, when special precautions 
are not employed to counteract the irregularities due to external 
influences. 

On repeating the last observation, using the same preparation, it 
was found that the time at which the terminal phase began was later ; 
and this was apparently due to the cooling of the room and con- 
sequently of the heart. In order to secure uniformity of temperature 
in future observations, the following arrangement for supporting the 
preparation was adopted. A cylindrical brass box, eight centimeters 
long by two in diameter, rests by its lower end on a wide support. 

Near its lower end it communicates by a long flexible tube with a 
reservoir of water, the temperature of which can be varied at will, and 
which flows out by a tube at the upper end into a receptacle. The 
upper end of the cylinder presents a hollow surface corresponding in 
form to that of the heart, so that the organ is in proximity with as large 


a surface of metal as possible, contact between the metal and the 


preparation being prevented by a coating of lacquer. A few prelimi- 
nary trials with this contrivance assured us that by means of it we 
could control the temperature so as to obviate the irregularities pre- 
viously observed. 

From Experiment [1] and others similar, we had learnt that there is 
a close agreement between the duration of the systole of the ventricle 
and that of the variation, of which we regard the ‘terminal phase’ as 
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the final act. To determine how far this apparent coincidence of the 
terminal phase with the beginning of the relaxation of the ventricle — 
was constant, the first step was to obtain better information than pre-— 
viously existed as to the influence of changes of temperature on the 
duration of the ventricular contraction. For this purpose all that was 
necessary was to measure the duration of the systole in a Stapnius’ 
preparation, as excited by a single induction shock. The results so 
obtained will be best understood by an inspection of the curves, the 
facsimiles of which follow. 


By comparison of these curves it will be seen that in the inhibited _ 
frog heart, the duration of the ventricular contraction varies according 
to temperature in such a way that between 12°C. and 18°C., each 
degree corresponds approximately to a tenth of a second of duration. 
This statement having been found to be applicable to all the hearts 
examined (specimens of Rana esculenta which had been in the labora- 
tory all the winter but were in a healthy state) we were in a position 
to examine the relation between the phenomena. If it were found 
that the duration of the variation, 7.e. of the period intervening be- 
tween the initial phase and the terminal phase, also diminished between 
12° and 18° by one tenth of a second for every degree of temperature, 
it might be considered as proved that the electrical change and the 
muscular contraction were correlative phenomena, The length of this 
period was determined in four Stannius’ preparations which were 
excited and led off in exactly the same way as in previous experiments 
with this difference, that in each case two measurements were made, 
the first at a temperature of 12°, the second at 17°. In accordance 
with what has been said it was to be anticipated that the terminal 
phase would occur at the higher temperature about half a second 
_ sooner than at the lower. The results were as follows :— 
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[3] | deflection. deflection. 
Preparation I. ” ” ” ” 
from 0:1 to 0-2 ............ from 19 to 2°0 
Preparation 11. 
Preparation 111 | 
Preparation Iv 


The table shows that in the first two cases the maximum of the 


positive phase occurred about 0'°4 sooner at 17° than at 12°, and in the - 


other two 0”'5 sooner, giving a mean of 0°45. The following table 


gives the rheotome readings’ of preparation 11. 


At -12-20-10 0 0 0 0 0 0 0 0 0 


So far therefore as these observations go it is evident that the dura- 
tion of the variation and that of the contraction are similarly influenced 
by change of temperature. 

All experiments which have been made since the adoption of the 
arrangement above described for securing uniformity of temperature 


_ during the period: of observation, have shown that the normal 
~ character of the variation is in conformity with [1], that is to say, that 


when the seat of excitation is nearer to one of the leading-off contacts 
than to the other, the former becomes negative to the latter at the 
beginning (initial phase), and positive at the end (terminal phase), and 
that during the relatively long intervening period, the two contacts are 


_ nearly equipotential (isoelectrical interval). 


The excitatory process in the normal ventricle preparation pre- 
serfts- characters which correspond in the main with those observed 
in the inhibited entire heart.. As regards the duration of the 


1 That these readings are small as compared with others given subsequently, is due 
to the circumstance that in the earlier experiments finely pointed electrodes were used. 
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systole, our observations show that its duration is the same for 
the same temperature. Thus at 12°C. the duration was found to 
be 2”1, at 18°, 1”-6, giving as before a difference of 05 for 6°C. 
difference of temperature. It was also found that when the same heart 
was measured at the same temperature in the inhibited state and again 
as a ventricle apex preparation, the time was the same. Before ob- 
serving the variation it is necessary to allow time for the decline of the 
immediate effects of the section. Immediately after the ventricle apex 
has been prepared, the cut surface is of course negative to the natural 
surface, but, as will be seen in a subsequent paragraph, the difference 
rapidly diminishes. The variation is|also modified in the manner to be 
described in a future section, but eventually. recovers its natural char- 
acters. The time required to accomplish this is from half an hour to an 
hour, after which the variation observed when the preparation is led off 
in the usual manner differs but little from that of the uninjured in- 
hibited heart. 7 
Such being the general character of the variation, it will be con- 
venient to state provisionally what significance is to be attached to it. 
In accordance with the well-known facts relating to other excitable 
structures, and particularly those observed by Engelmann as to the 
heart, and by Bernstein’ as to muscle, the initial phase may be under- 
stood as signifying that immediately after excitation, the excited part 
becomes negative to other parts, and consequently that the contact 
nearest the seat of excitation becomes in the first instance negative to 
the other. As regards the terminal phase, its coincidence in time with 
the relaxation of the ventricle appears to us to indicate that, as the 
initial phase certainly corresponds with the beginning of the period of 
electrical change, so its close is marked by an opposite electrical con- 
dition; in other words, it seemed probable that the equipotentiality of 
the surface during the greater part of the ventricular contraction does 
not mean, as Engelmann supposed, that all is over, and that the 
electrical disturbance* merely precedes the systole and ceases with its 
commencement, but only that during the period in question the 
electromotive forces in action are nearly balanced, this state of equi- 
librium persisting until, towards the end of the systole, they again 
manifest themselves in an electrical difference between the two contacts 


1 Bernstein, Untersuch. tiber den Erregungsvorgang im Nerven- u. Muskelsysteme. 
Section 2, p. 47. 
_ 2 Tt will be seen in the next paragraph that the “initial phase” corresponds to the — 
whole variation as observed by Engelmann. 
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opposed in sign to that by which the systole was ushered in. It further 
appeared to be probable that the occurrence of the terminal phase at 
the close of the period of excitation might be explained on the sup- 
position that at that time, electrical activity had ceased at the contact 
nearest the point of excitation, but continued at the one more remote. 
If this were the case, it is clear that by so changing the relations of the 
leading-off contacts to the seat of excitation that the contact which 
before was most remote should now become nearest, both _— of the 
variation would be reversed in sign’. 

The following observations serve to exemplify this statement :— 

[5] A Stannius’ heart, led off at base (contact f, ventral surface, near 
auriculo-ventricular groove) and at apex (contact m, same surface, three 
millims. from f). Exciting electrodes (x) at apex and (a’) at groove. By 


a switch, opening shocks could be directed either through 2 or 2’. Differ- 
ence of potential between m and jf, 0:0. Temperature of heart 15° C. 


_ Observations were made alternately after excitation at # and 2 as shown | 


in the table. Duration of period of closure of galvanometer circuit 0:1. 
The numbers given in the Table are the time-intervals between the moment of 
excitation and the end of the period of closure. 


Time after excitation 

of opening of circuit, 0”°04 0-06 0”:08 0”:10 0”-12 0”-14 07-16 0”-18 0”-20 
Excitation at a, 0 -7 -28 -40 -48 -45 -—20 -8 
Excitation at 2’, 0 +1 +7 #++20 +40 +41 +39 +30 +15 
Time after excitation | | 

of opening of circuit, 0°24......... 1”-20 1”-40 1”-80 1”90 
Excitationatz, -2 O 0 O +6 +15 +10 
Excitation at 2’, -8 -9 -12 +3 0 


During a period of about a second between 0:22 and 1:2, the contacts 
were equipotential. | 


[6] Stannius’ heart, led off and excited as above. Difference between 
m and f —0°0002 D. Period of closure 0’°1. 


: Time after excitation of opening of circuit, . 
0”-04 0"-06 0” 08 07:12 0:16 07:24......1%4 1"6 1%7 19 
Excitation at x, 
0 —-4 -10 -—30 -29 ........ +2 +5 410 +6 0 
Excitation at 2’, | 
0 +4 +9 +19 +11 +33 O ...... 0-2 -3 -9 +4 0 


Between and the contacts were equipotential. 


1 A corresponding statement was made by Marchand (Pfliiger’s Archiv, Vol. xv. 
p- 530) as follows:—‘‘The direction of the deflection which followed the excitation corre- 
_ sponded to a wave of negative tension starting from the seat of excitation: if therefore the 
excitation was at the apex, the first deflection was such as to indicate an ascending 
current, which was followed by a second in the opposite direction. If the excitation was at 
the base, the order of succession was reversed.” See also our former paper loc. cit. p. 414, 


q 
4 
EG 
“a 
a 
x 
ig 


400 J. BURDON-SANDERSON AND F. J. M. PAGE. 


If the above interpretation of the phenomena is correct, it is evident 
that in each individual element of the ventricular substance the state 
of excitation, as indicated by electrical change, does not, as has been 
supposed, coincide with the “period of latent stimulation” of the ven- 
tricle, but must have a duration limited on one side by the beginning 
of the initial phase, on the other by the beginning of the terminal 
_ phase. Accordingly, assuming the facts stated on p. 397 to be correct, 
each muscular element of the ventricle must at 12°C. be in a state of 
excitation for about 1'"8. Now it is well known that in all excitable 
parts, the state of excitation is characterized by a diminution or 
absence of excitability; in other words, that in whatever degree the 
state of excitation exists in any such structure, its susceptibility to a 
second excitation is correspondingly diminished. This being so, we 
should expect that in the ventricle the period of non-excitability would 


correspond in duration to that of excitation at 12°C.), and 


that it would be similarly abbreviated by increase of temperature. « 


_ Period of non-excitability. In eipatianhats published by M. Mare: y 
in 1876", the relative excitability of the ventricle was tested in the 
| rhythinically contracting heart at various periods of the cardiac revo- 
lution, the mode of excitation employed being the passage of opening 
induction shocks through the heart. It was found that when the 
excitation was produced by opening the primary current at the moment 
that the contraction of the ventricle was seen, no second contraction 
followed ; and the same absence of response was observed whenever the 
second excitation occurred “during the commencement of the systole 
of the ventricle” (termed by Marey the “refractory period”) even 
when the induction shocks were stronger than were required to evoke 
a contraction of the resting heart. During the remainder of the systole 
“the heart responds to strong excitations but does not respond to weak 
ones.” It was further observed that heat shortens and may even 
suppress the “refractory period,” and that cold lengthens it, but no 
measurements are given either of the temperature or of the duration 
of the systole. Another important result was that with excitations 
occurring during systole, the response, if it occurred at all, was delayed, 
the duration of the delay being the greater the sooner the excitation 
happened after the close of the “refractory period.” It can scarcely 
be doubted that this shortening of the delay in the later stage of the 
systole indicates a gradual increase of excitability. 


-1 «Des excitations artificielles du coour,” Physiologie eapérimentale, 11., 1876, p. 85. 
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The observations of M. Marey as to the “refractory period” are 
unavailable for the purpose of determining the duration of the period 
of diminished excitability for two reasons, viz., (1) that no time mea- 
surements are given, and (2) that while the observations show that the 
period varies with the strength of the induction shock used, the 
strength is not stated. 

It is obvious that the only way in which this can de accomplished 
is by employing minimal excitations, 7.¢. induction shocks of just 
sufficient strength to evoke a response in the resting state, and by 
ascertaining how soon after a first minimal excitation the ventricle has 
so far recovered its excitability as to respond to a second of equal 
strength; in other words, to determine the shortest period of time 
which must intervene between two equal and minimal excitations in 
order to produce two contractions. 

For this purpose the rheotome was found to be well adapted. It 
was introduced into the primary circuit of the induction apparatus in 
such a way that one pole of the battery was connected with the coil by — 
two wires, of which one passed through the inner pools, the closing 
shock being cut off as before by the electromagnetic key. In this way 
an opening shock passed through the preparation whenever the circuit 
was momentarily closed, whether through 8, b’, or g, g’. | 

We have found it necessary in order to obtain satisfactory results, 
to depart from the principle above laid down in so far as to substitute 
for “minimal” excitations in the strict sense, induction shocks which 
were just strong enough to be responded to without fail in at least six 
successive excitations, occurring at sufficient intervals of time. 

Experiments made in this way showed that in the ventricles of 
winter frogs (R. esculenta) at the temperature 12°C. two seconds is the 
limit of the period of diminished excitability, and that by increasing the 
_ temperature to 22° or 24° it can be shortened to one second. If this is 
done gradually, as in the experiment of which the results are given in 
the following Table, it is strikingly seen that the duration of the 
“refractory” state is as strictly dependent on temperature as that of 
the variation, and secondly that the two periods are in general coin- 
cident. 


Stannius’ preparation, of which the scene was raised by 3°C. 
at a time, from 12° to 21°. The period of diminished excitability was measured 
at each temperature. After testing the condition of the preparation by 


1 See the description of the rheotome in the Appendix to this paper. 
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the temperature to 12°, it was again raised decnpisaugiied to 24° 
and 
Temperature 12° | 15° | 18° | 21° | 19° | 4° | 27° 
}| aro | | | | | | 


With reference to their coincidence in particular cases, we have 
made numerous experiments which we hope to embody in a future 
communication. At present it is sufficient to state that the heart 
remains unexcitable to stimuli which are of just sufficient strength to 
evoke a certain response, up to the culmination of the terminal phase, 
as is shown in the following graphic record of the variation of the 
ventricle preparation of the heart of the tortoise at 20°C. The hori- 
zontal line below the tracing represents the duration of the period of 
diminished excitability. 


For the purpose of examining the other fact observed by M. Marey, 
viz., that when the strength of the stimulus employed is increased the 
refractory period is diminished, we have found the heart of the tortoise 
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more advantageous than that of the frog, on account of the longer 
duration of the excitatory state. The method consists in first deter- 
mining the outer limit of the period of diminished excitability, i.e., 
the period which must intervene between two infallibly adequate exci- — 
tations, in order that the second may be effectual, and then repeating 
the experiment with induction currents of which the strength has a 
definite relation to that of the shocks first employed, for which purpose 
the du Bois’ induction apparatus must be graduated in the usual way. 
By this method we found that in the ventricle apex preparation of the 
tortoise at 25° it was necessary to double the strength of the excitation — 
in order to shorten the period of diminished excitability from 2"5 
to 20. 

Duration and character of the initial phase. In a series of experi- 
ments made at the beginning of our inquiry, rheotome observations 
were made of the first phase of the variation. In these, the duration 
of closure of the galvanometer circuit was usually 006. The prepara-_ 
tion was excited at the apex and led off at apex (m) and base (/). 
The exciting contact was at a very short distance from m. The obser- 
vations were made at temperatures from 15° to 17°C. for we were at 
the time not aware of the importance of slight differences of — 
ture. The results are given in the following Table. 


[8] 
Time after excitation of . 
Distance of. 
First appear- Last de. | ™ froma in Duration 
ance of |Maximum.| flection | ™llims. 
naganve observed. 
deflection 3 
| 0078: | o-f00 | o-f72 13 0094 | 16 scale 
Il. 0-042 0°114 0-160 very near | 0°120 
im. | 0-049 0099 0-065 30 ,, 
tv. | ‘0-045 0-082 0°104 1} 0059 | 16 ,, 
0 045 0:130 07150 |lessthan1| 0°105 
0°102 0°112 0:150 3 0°:048 
VII. 0028 0-055. 0°166 less than 0138 ‘| 24 ,, 
vul.| 0:090 0°146 0-180 3 0-089 25 ,, 


From these observations we were at first led to accept the statement 

of Engelmann that the duration of the initial phase was about 3, 

of a second, and this appeared to be confirmed by subsequent experi- 

ments in which the rheotome observations were taken at regular time- 
PH. Il. 30 


J 
if 
» 
=f 


VJ. BURDON-SANDERSON AND F. J. 


LM, 


intervals. --Thus:in a series of nine Stannius’ preparations examined in: 
December last we had in 'five preparations the following tesults, the 
numbers at the heads of the columns indicating times at 
gelvanometer cirouit was opened 


0”-04 07-22] 0”-26 07-28 
|.0 }-9 |—70 0 | 0 
m. | -4/ 0/0/00 
IIT. ry — 40 - 61 | - =30|/-11}-2 | 0 
| ~30|—40 -39|-34|-15|-3 |-2 | 0 | 0 | 0 
v. | 0 |-7 45 0.1.61 0 
Means| 0-6 | 8-0 | 25-4 | 36-4 | 46°8 | 54-4| 49-4 | 39-4 | 33-4 | 22-4 144/44} 04 | 0 
From the means it is apparent that in these preparations the initial 
phase lasted from 0:06 after excitation to 0’-14 or even later, but in 
the remaining four it was evidently of much shorter duration :— 
0-04 | 0-06 | 0-08 | 0-10 | 0-12 | 0-14 | 0-16 | 0-18 | 0-20 | 0-22 | 0-24'| 0-26 
| 0 |-8 0 | 0 | 0 | 0 | 0 | 0 
m. | 0 | 0 |-13|-22|-27|-25|-16|-5 | 0 | 0 | 0 | o 
v. | 0 | 0 | 0 0 
Means 3-0 | 215 | 25:5 | 21-7 125 0 


we tae | 


| 0 | -4|-32}-29| -7 | -1}-1| -1 
m | 0 | 0 | 0 | 0 
m | 0 —12},-66| 0 
0 
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Bearing in mind that in this, as in the two other preceding experi- 
ments the closing time lasted js of a second, we see that the strong 
part of the initial phase could not in any case have lasted beyond 0”-08 


_ after excitation. We may therefore conclude ‘that so long as the 


distance between the leading-off electrodes does not exceed two and a 
half millims., the duration of the strong part of the initial phase is not 
more than 003, and we are confirmed in this conclusion by the follow- 
ing observations, in which the period of closure was shortened to 0'°033 
by trebling the rate of revolution of the rheotome : — i 


[12] 
| | 21) -18 -18|- 18} -18 
Lv. 0 |-30|-36|-12) 0 041.610 0. 
| 0 |-4 |-82}-37|-9 | 0 | of 
vi. | O |-2 | 0 |+5 | +5 | 410 


~The indicate that the phase began in these -six 
preparations about 0°03 after excitation (the distance between x and 


- m being always about one millim.) and very rapidly culminated, not 


later than 0”-06, and was virtually over by 0”-07 or 0-08. . 
For the purpose of determining the earliest moment after excitation 
at which an electrical change can be observed, we in two experiments 
passed the insulated platinum wires which were used as exciting elec- 
trodes through the leading-off electrode m, in such a manner as to 


-. vender the seat of excitation as nearly as possible identical with the 
point by which the surface was led off. Notwithstanding this arrange- 


ment the closure of the galvanometer circuit at the moment of exci+ 
tation was without effect on the needle. Ventricle-apex preparations 
were used and the period of closure was in each instance 0°03. The 
first deflections were in one case 0035, in the other 0-023 
excitation.. 

It has been a'ready stated that found the daraiion of 
the first part of the negative phase (Stadium steigender Negativitat) to 
be 0'-09, but in some of his observations it was-very much shorter, for 
it was observable only at three successive positions of the rheotome, 
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which corresponded to intervals of time of 0’-03. In other words it 
was already inappreciable 003 after it was first seen. 
_ - As regards the total duration of the negative part of the variation, 
Engelmann found that when the distance between the leading-off — 
contacts (f to m) was from three to three and a-half millimeters, and 
the distance of the seat of excitation from them was two millims., the 
closing time being 0-57, the initial phase began at 0-07 after exci- 
tation, reaching its maximum at 0165 and ending at 026. When 
the distance f to m was five to six millims. and the distance of the 
seat of excitation was one millim., the closing time being 0-05, the 
negative phase began at 0°01, culminated at 0-096, and ended at 
0-192. These numbers are taken from the curves (Pfliiger’s Archiv, 
Vol. Xvil. p. 136) representing the means of 43 observations, of which 33 
were made with the exciting electrodes at the longer distance, the re- 
mainder at the shorter. In the first set, the period during which 
negative deflections were observed was 0°26 —0”07=0"19. Deduct- 
ing from 0°19 the duration of the closing time (0-06) we have 013 as — 
the duration of the initial phase. In the second set it was also 0”*13.' 
Engelmann’s “ positive Schwankung.” Engelmann found that in 
47 out of 77 cases, the variation presented the character of what he 
calls a Doppelschwankung, i.e. that the initial phase is. followed im- 
mediately or after a short interval by an opposite electrical condition 
(positive Schwankung) which lasted from about 0-20 after excitation to 
0°35, when the distance between # and m was very short, and from ~ 
0:26 to 0°56 when it was longer. The existence of this phase was 
- indicated by deflections of which the maximum extent was from one 
third to one half of that of the negative deflections of the initial phase. — 
As our method resembles that employed by Prof. Engelmann in so 
far that in both, the proximal leading-off contact (m) is between the seat 
of excitation (x) and the distal contact (/), and that x, m and f are in 
the same line, the only difference being that in our observations Stannius’ 
preparations were used instead of ventricle apex preparations, it is clear 
that if during the period succeeding the initial phase (the second fifth 
of the first second) the distal contact f becomes, in the uninjured in- 
hibited ventricle, for a very short period positive to the proximal m, the 
fact could not escape observation. Although at the beginning of our 
investigations our attention was not specially directed to this period, a 
1 Engelmann estimates the total duration of the negative part of the variation 


(Srtliche. Dauer der negativ electromotorischen Wirksamkeit) as 0-2, but the careful 
scrutiny of his results seems seareely to justify this statement. 
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great number of our rheotome investigations covered it, it being in ull 
uninjured hearts included in the period of equipotentiality. 

In ventricle apex preparations we have also failed in observing any 
indication of the existence of a temporary state of positivity during the 
first half second, Thus in the experiments to which Table [12] relates 
the state of equipotentiality, which began in preparations II. and ITI. at 
after excitation, continued without chane up to In IV., m was 
negative to f during the whole of this period, an effect which; as will be 
subsequently shown; is always observed when a sufficient time has not 
been allowed to elapse after the severance of the ventricle. A trace of 
a similar condition was observed in I. 

We are therefore compelled to confess our inability to confirm Prof. 
-Engelmann’s observations in respect of the “Doppelschwankung.” 
As we find it impossible to doubt their accuracy, we. must suppose 
that the conditions under which they were made were, in some unknown 
respects, different. 

Electromotive force of the initial phase. Our determinations of the 
electromotive force of the initial phase at its acme, i.e. of the electrical 
difference between m and f at the maximum, lead us to the conclusion 
that it exceeds the estimate of Engelmann. He says that the maximal 
excitatory deflection is never as large as that given when a current 
derived from the compensator of which the electromotive force is 0:03 
Daniell is sent through the galvanometer circuit, with all conditions 
(closing time, resistance, and sensibility of the needle) unaltered. And 
having found that the “latente Kraft” of the ventricle (i.e. the greatest 
difference observable between the freshly-cut surface and the uninjured 
surface) was 0°03 Daniell, he concludes that the excitatory electromotive 
force is “mit hoher Wahrscheinlichkeit” inferior to the “latente Kraft,” 
Using the same method as that indicated by Engelmann we have 
- obtained higher values. Thus in the preparation to which Table [13] 
refers, we found that the largest deflection corresponded to an electro- 
motive force of 0:04 Daniell, the mean of the six experiments being 
0033 Daniell. If, as seems certain, the excitatory force rises to and 
falls from its acme very abruptly, it is clear that it must have consider- 
_ ably exceeded this value, for the closing time (0-033) was long enough 
to cover a great part of the ies of increasing and of diminishing 
negativity’. 


1 For this reason any curve, such as that given in fig. 4, representing geasbalasity ibe 
course of the initial phase, is higher and much narrower than the graphic record of the 
corresponding rheotome deflections. For it represents the record that would be obtained 
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IL “Inrivexce OF INEQUALITIES OF TEMPERATURE: ON THE EXCITA- 
TORY VARIATION. . 


We have next to show that the characters we have stated to be 
those of the normal variation of the ventricle in the uninjured heart, 
depend for their manifestation on equality of temperature between the 
surfaces of the ventricle with which the leading-off electrodes | m _ 7 
are in contact. 

For this purpose it is necessary to observe in what way the normal 
characters.of-the variation are modified when the temperatures of m and 
f are unequal. With this view the cylindrical water-box on which the 
preparation is supported is modified in such a way that while the base 
of the ventricle and the auricles rest on a surface at a temperature 
we have for convenience taken as normal, viz. 12°C., the apex is in contact 
with a colder or warmer vicars The sketch or the instrument 
in its altered form. 


It is seen that. the upper end presents two surfaces, of which one is 
crescent-shaped, the other circular, the base of the ventricle being on 
the former, the apex on the latter. These are the ends of two cylinders, 


| if the sensibility of the galvanometer and the frequency of the observations had been 
increased and the period of closure diminished to the utmost, 
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one of which is crescentic in section. Each cylinder receives its supply 
of water from a separate source, so that. the temperature & the two 
surfaces can be regulated as required. 

_ By means of this contrivance the terminal phase of the variation 
was ‘observed galvanometrically with the aid of the rheotome, under 
three conditions, viz., (1) with the apex at the same temperature with 
the base, (2) with the apex 3°C. cooler, and (3) with the apex 2°5.C. 
warmer, each observation of the second and third kind being followed 
and preceded by an observation at equal temperatures. 


[13] A Stannius’ preparation of a large Hungarian specimen of R. escu- 
lenta was used. It was led off in the same way as those previously described, 
and the arrangements for exciting were similar. Difference m-—/f + 0°0002 D. 
On excitation at apex deflection of — 20 followed by +70 galv. scale. On 
exciting at base +20 followed after a pause by +35. Distance between m 
and. f 4 millims., both on ventral ‘meridian. —s and base at same tem- 
perature, viz. 13° C. . 


Excitation at’ | +10|,+38| +23/ +3 | 0 

Time after excitation)} | | | h 

Excitation at +10} +20 +40 +8 
Excitation at a’ @ #15 | +4 0 0 


<The readings show that the variation, although due care was taken : 


in preparation, was irregular, for with excitation at 2 the end phase 
was excessive, and with excitation at x it was positive instead of nega- 


tive. 


As will be subsequently shown, this indicated that at m the 
“excitatory state” declined ‘after a shorter duration than at f, the effect — 


of diminution of temperature being, to-lengthen as well as to strengthen 
the excitatory state; it was therefore anticipated that the normal 
characters would appear on slightly cooling the apex. Accordingly 
when the observation was repeated with the base at 13° C., the apex at 


10°C., the end Phase was as follows: 


Time after excitation) to | 16 19 2-1 
of opening of circuit 14 

Excitation at 0. +1 +4)4+18) +12} 0 | 0 
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The heart was now brought back to its former condition as regards tem- | 
et and the observation repeated. It was observed that when a was 


phase was exaggerated, and that when « was 
ore negative became positive. 


eee next step was to raise the temperature of the apex to 16°C., the | 
hase remaining at 13°5. 


On exciting at , a deflection of — 60 followed by +80: . exciting at a’, 
a deflection of + 20 followed by +80. Difference m—/'= +0 


of opening of circuit 
at 0 +3 | +6 | +27| +6 | 0 
Excitation at a’ 0 +1 | +5 | +18] +2 


The heart was s finally brought back to equality of —? water 
at 13°5 passing through both chambers. 


The result was as follows:— 


Time after | 1-4 1 "6 1”-7 1 


of opening of circuit 
Excitation at a’ 0 | 0 +2 +9-1 +1 0 


When the difference of temperature was greater, similar but larger 
effects were observed, and the after effect which followed the restoration 
of equality of temperature between the two contacts was much more 
considerable. This was shown in the following experiment :— 


Difference m —/ = + 0:0004. On excitation at «—40; on 
at 0 followed by — 80. Apex and base at 12°C. 


Time after excitation)| | 

of opening of 0”-04 | 0-06 | 0-08 | 0"-10/ 0-14) 0”-16/0":18 
ometer circuit : 

Excitation at « 30 | 40| -39| -15| -3 

Excitation at 0 - +10 | 324/429] 37: 

Time after excitation 0-3 to | 

of opening of 23 | | 25 126 
ometer circuit 


Excitation atc | 0 | ~tmoe ~5 0 
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‘It is to be noted that-in the first line the terminal phase was nearly 
absent when the seat of excitation " was at the base. The apex was now 


warmed to 30°C. 

On excitation se ction of 10 followed by +105: on excitation 
at a + 10 followed by + 105. 
Time after excitation); | 0-3 to 
of opening of galvan->| 0’-04 | 0”-08 | 0°12 | 07-16 | | 
ometer circuit | 
Excitation at apex | -29; 0 +2 
Excitation at base +1 | +121 425 | +14] O 0 
Time after exci tation) | 
of opening of galvan->) | | | 1%6 | 1%8 | 2"0 

ometer circuit 
Excitation at apex | +3 | +10 | +50} +2 | 0 
Excitation at base +21 417 +201 +45] +2 


The above observation was taken about ten minutes after the tem- 
perature of the cylinder had been raised. The apex was then cooled to 
sag so that oe and apex were now at equal temperatures. 


Time after excitation 
of opening of galvan->| 0”-04 | | | 0’-16 0”-80 
ometer circuit 
Excitation at a’ +2 +17| 0 —3 
_ Time after excitation 3 | 
of opening of galvan-> | 1"°6 | 1"8 | 2"0 | 2"2 | 
ometer circuit 
Excitation ate -5 | -5 | -10| 0 
Excitation at 2’ -5 | -5 | -15| -26| -7 0 


Here it was seen that the ventricle, of which the apex had been © 
warmed to 30°C. for a period of 25 minutes, was no longer normal, 


notwithstanding that the equality of temperature had been restored. 
The abnormality consists in this, that the preparation behaves as if the — 
part which had been heated were at a lower temperature, the pheno- 
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mena corresponding ‘closely with those observed when the apex has 
been cooled in a normal preparation. This being so, we should expect 


that by slightly raising the temperature of the apex, it. would be - 


possible to compensate the abnormal negativity of the terminal phase. 
The temperature of the apex was therefore raised to 18°, and it was 
found that the galvanometer deflections were‘ nearly normal; and with 
the rheotome the highest negative deflections of the terminal phase 
were, when a was excited —2 at 2'"2, when 2’ was excited —6 at 
No doubt if a slightly higher temperature had been employed 
the variation would have been completely normal. It is to be noted 


that after warming apex the of whole variation 


diminished: 

The record of of the same kind may 
introduced for the purpose of showing that the physiological effect. pro- 
duced by the inequality of temperature subsides rapidly, even though 
the difference of temperature-remains unaltered. The mode of obser- 
vation was the same, the ventricle however being excited only at the 
apex. It having been first ascertained that when the apex was at 12°C. 
the variation was normal as regards both its phases, the temperature of 
the apex was raised to 30°, a rheotome observation was made of. the 
second part of the variation as rapidly as possible, repeated at intervals 


_ of five seconds. The apex was then brought back to 12°C. when, as 


before, it was observed that the terminal phase was negative. In this 


experiment as in the last the duration of closure of the galvanometer — 


circuit was 009. The preparations used in this and in all the — 


[15] 


of opening of galvan- 0’-5 |0"-8| | 2”-0|2"-2|2"-4 |2”5 |2"-6 |2"-7 |2"-8 


q 


and of apex, 12°C. 0; 9); 0 0 O |+tr.) +6)+11)+ 30)+37)+11 
Temperature of apex 


raised to 30° 
immediately after 0 | +100|+ 70) 0 | 0 
five minutes after 0} 0 +70 0} 01] 
ten minutes after | 0 | 0 | +3) +20; 0; 0/01] 0, 
Temperature of o-| 0 |-2| -1210|0|-0| 0 


apex again equal, 12°C. 
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In the next observation the apex instead of a warmed: was 
cooled to 4° - the base ee at 14°C. 


‘Difference m—f=0, On excitation at 2, », deflection — 50 followed by+ + 20 


on excitation at a, — 30. at 


of opening of galvan->| 0’°06 | 0”-08 | 0”-10 |0"-16 |0”-20 

Excitation at at | = 40 -45| -20} -8 

Excitation at 2’ +7 | +20 | +40)-4+41 BA 39} +30 | 4+15- 

Excitation at x 0 | +6 +15) +10; 0 

Excitation at #8 | 0 


~The apex mu now cooled to 4° C. 


On excitation at a, deflection of — 60 followed by a farther detention of 


— 140: at 2’, + 12, followed by — 200. 


of opening of | | 0-20 | 0-24) 0-28 
ometer circuit” 
Excitation at x -9 | -2 -2 | -2 
Excitation at a’ 0 +9 | +18! O -2 -2 -6 
of opening of galvan-}| 1"-2 |"1"-6 | 2”-0 | | 
_ _ometer circuit 
Excitation at a’ | -8 | 


_ The temperature of the apex was now raised to sc. so that the 
two contacts were at the same temperature. 


ot 
ia 
3 
3 
ow 
- 
=. 
ia 
ke 
él 
% 
Py 


_ Excitation at 2’ 
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On excitation at a, deflection of 80 followed +20: at 2’, + 10 fol- 
lowed by — 60. . 
Time after excitation) te 

of opening of galvan-+| | 0”.08 | 0”-12 | 0”-16 | 0”20 | "ong? | 

Excitation at x —12| -30| -49| -35 | -2] -2 0 
Excitation at 2 +6 | +7 | +48] +341 +2 
Time after excitation) 

ometer circuit 
Excitation ate | +2 | +410| +11| +4] 0 

-7T\- +9 + 4 0 


In this case the restoration of ouualiae of temperature was accom- 
panied by restoration of the normal characters of the variation. 


[16] The following experiment with the ‘capillary electrometer 
affords further illustration of what has been stated. | 
The ventricle of a Stannius’ heart was led off as usual at apex and: 


base, and excited at apex. The excitation took place at intervals of one 
minute, the ventricle resting by its apex on one cylinder, by its base on 


the other. The temperatures of the cylinders i in successive observations were 
as follows :— | 
Scale reading of 
initial phase. | terminal phase, 

I, | base 13 | apex 13 -10 +6 

i. ae -10 +7. 

Ill. -10 +10 

Iv. -10 +11 


In the last three cases the apex electrode (m) was positive dey the 
whole of the interval between the initial and terminal phases, The value of - 
a division of the electrometer scale was about 0°0015 D, 


The observations showed that the increase of temperature of the 
apex was without effect as regards the initial change, but increased the 
terminal. 

In the preceding experiments it has been seen that very slight 
differences of the temperature to which the apex and base respectively 
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of the Stannius’ heart preparation are exposed, are sufficient to alter 
the character of the variation, the change being such that in case the 
preparation is led off at apex and base, and the apex is warmed, its 
positivity is increased in the terminal phase; and further that when the 
difference is considerable, the effect diminishes notwithstanding that 
the warming continues, It has also been seen that if under these — 
circumstances the equality of temperature is restored, the heart is not. 
entirely in the same condition as before. 

The method employed in these experiments is open to two +. 
tions—that the effect produced, although admi tting of accurate 
graduation and measurement in respect of its intensity, is not confined 
within sufficiently narrow limits either of extent or duration. In these. 
respects another mode of observation, which was first employed by us 
in the experiments of which we published the results in 1878, was 
preferable, though from its nature the difference in temperature scarcely 
admitted of accurate measurement. That method consisted in arrang- 
ing a loop of platinum wire at a fixed distance (usually three millims.) 
from the surface of the heart in such a position as to be as nearly 
as possible opposite to the contact m. The ends of the platinum 
wire having been connected with a battery of two grove-cells, the 
circuit was closed for measured periods of several seconds duration, 
at the expiration of which the preparation was excited in the usual 
way. The general result of this experiment was described in our 


_ former paper’, that description being founded on a large number of 


exploratory observations made with the capillary electrometer. 

We now proceed to give an account of experiments in which the 
same phenomena were investigated with the aid of the rheotome and 
galvanometer. The mode of observation was as follows: the rheotome | 
was arranged so that the Stannius’ preparation, which as before was. 


‘led off at base (f), and apex (m), was excited inthe neighbourhood 


of m at each revolution. The rate of revolution was slow—one révolu- 
tion in twelve seconds, 

The platinum loop having been placed in + eclilion its circuit was 
closed for a definite period which ended immediately before an exci- 
tation. The effect of this temporary warming of the surface was 
investigated by the comparison in each case of ten series of rheotome 
measurements. In the first series the rheotome was set so as to close 
the galvanometer circuit for a period of one-fifth of a second, ending 


1 Proceedings of the Royal Society, Vol. xxvm. p. 110, Par. 12 and 18, 
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after excitation: in the second series terminated at 0” 2; 
in a the third at 0”-4, arid so on. | 
At the ‘first revolution of the siaotoens in the first series, the 
normal galvanometrical effect corresponding to the period of closure 
was observed and recorded. In the meantime the heating circuit was 
closed as above described, so that at the second revolution the immediate 
effect of the heating could be observed... The observation was repeated 
at each succeeding revolution, ¢.e. at intervals of 12”, until the effect 


the single heating té which the preparation had been exposed 


disappeared. This having been accomplished, the rheotome was set 
so-as to close the circuit 01 later, and the process repeated, and so 


| on to the end of the variation.” 


17) peepariticn led off at (7) and apex 
hy electrometer normal, ¢.¢. — 6 scale, followed by + 1. Duration of closure 
of warming circuit 5”, Distance of wire 24 millims. _ Temperature aie: 


: The results of the observation are given in the following table: : 


|0"-8|1"-0 |1"-2| 1”-4|1"-6 |1”-8 

Matin 0 | 0 | 0 | 0 +23) +20/+5) 
At 30|~24|+17|+ | +5 |. 
12” later |+2 149 [42] 
24" later . —29; 0 | | O |+6 |+14/+50/4+9 0. 
38" later 0 | 01 [47 | 0 
48" later | }.0.| {| O.|] O j+5 O | 


During the ‘whole progress of the observation the electrical condition 
of the led off surfaces underwent very little change. The difference 
which was at first + 0°0006, varied to — 00002. The immediate effect 


of the warming was to produce a temporary disturbance in which the 
_ warmed partbecame positive. The amount of. this change, which Was 


indicated by a deflection of + 7 divisions of the galvanometer scale, ae 


about 000003 Daniell. 


The rheotome readings: show that the 
warmings of the apex, the preparation preserved its normal condition 
to the end of the experiment, which lasted about twenty-five minutes, 
as seen in the perfectly normal character of the deflections recorded 
in the upper line of the table, and particularly by its isoelectrical state 
during the: interval between the two phases. It is further seen from 
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the deflections recorded in the second line, which were observed a 
second after the warming had terminated, that as regards the. first. 
phase warming is without effect, but that from the 2nd tenth of a 
second after excitation the variation was altered in character, the apex 
contact being positive during the whole of the remainder of the varia- 
tion, and the positivity greatest when the period of closure terminated 
after the excitation. 

As, with the preparation and rheotome in circuit, it was eon 
that a deflection of 93 galvanometer scale was observed ‘with an elec- 
tromotive force of 0°01 Daniell, it may be concluded that at the period’ 
of maximum positivity the difference between the two contacts slightly 
éxceeded' this amount. The third line shows that the effect at first 
- produced quickly diminishes; the hegative phase’ still remaining un- 
altered. In the succeeding lines is seen the caren reinstatement. 
of the normal condition. 


1s} The. two following experiments resemble the last :-— 

Stannius’ preparation, led off as above. Variation by electrometer — 4 
scale followed by —1. Difference 0-0, varying during progress of observa- 
tion to ~0-0008. Distance of wire 4 millims, Duration of warming 8”. 
Temp., 12°C. Warming was followed as before by a transitory positivity 
of the warmed contact. The variations observed before warming differed. 
slightly from the normal in this respect, that the terminal phase was indis- 
tinguishable. 

It is to be observed that the effect in-this case is much smaller than 
in the last, the distance being twice as great. .A previous tentative obser- 


vation had been made with the wire at a greater distance, when the effect 
was still smaller. 


| | 074 |0-"6.0"8| 170] 1”2 


Before warming | -9 | -10| -2.|-2|-2] -1| 0 | 0 


12” later -9 | -10} -2 0 | +2] +410/+2, 0 


Stannius’ preparation led off in the same way. Variation by electrometer 
—2 followed by +1. Difference 0-0002, varying during observation’ to’ 
- 0-001, Distance of warming loop, 3 millims. Duration 5”, © The. im- 
mediate éffect. of warming on the difference was expressed by a deflection 
of 10° corresponding to an £. mM. F. of 0°00009 Dan. The maximum effect 
of warming on the variation was observed. during the 2nd weoval of the and 
second, It amounted to 0°008 Daniell. f 
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0”-1| 07-2) 0”-4| 0”-6| |1”-4| 1”-6|1"-8 |2”-0 

Before warming 0 | 0 | 0 | 0 | 0 

At end of 0 | 0 0 | 0 
-of warming 

12” later 0 | O [42 [413/46 | 0 | O 

24” later 

36” later 


[19] In the following instance a heart was employed in which the 


led off contacts exhibited a slight unexplained inequality. 


_Stannius’ heart, led off as before. Variation by electrometer — 1 followed 
by +0. . Difference + 0°0012, slightly varying during observation. Distance 
of wire 24 millims. Duration 5”. Temp. 12°C. The usual transitory 


effect of warming was observed: it amounted to 0:0007 Daniell. The first 


observation was made at 3.20 p.m., the second at 4.15, each lasting about 


half an hour, The maximum effect of warming on the variation (0-009 


Daniell) was observed during the 2nd fifth of the 2nd second. The sub- 
sequent readings at 1-6 were +7, +2, 0, -2; — 2, —3, —5, 


| 0-4) 06 | 1-0) 17-2). 14 16 1-8 


Before warming | -19 |~20|-10|-5 |~6 |-6 |-7|-8 | -10] 0 
12" later -19 |-20/-9 |-4 | 0 460149 | 0 
"liter | <19 ~10}-6 |-5 |=2 |+4 | +241 0 

0 


36” later -19 -7}-7 |-5 |-1 | +3 | +10 


III. INFLUENCE OF INJURY OF THE SURFACE OF THE VENTRICLE 
ON THE EXCITATORY VARIATION, 


In the paper communicated in May, 1878, to the Royal Society 
the following statements, founded on observations with the capillary 
electrometer, were made as to the effect of localized injury of the 
surface of the ventricle on the characters of the variation, They related 


_ both to the rhythmically contracting entire heart and to the ventricle 


preparation. (1) When the rhythmically contracting heart is led off at 
base and apex, m being at the apex, and the surface of the ventricle 
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near the base is injured, the “second phase” is intensified. (2) If the 
_ apex is similarly injured “the second phase is abolished, the variation 
being indicated by a single large excursion in the direction of the 
first phase.” (3) When the rhythmically contracting “ventricle pre- 
paration” is led off in the same way, the characters of the variation 
are similar so long as the injury is recent. After a time the second 
phase diminishes in extent and duration, and finally the characters 
of the normal variation reappear. In the Stannius’ preparation, injury 
of the apex produces a modification of the excitatory variation which 
corresponds to that above described in the rhythmically contracting 
ventricle, 

These phenomena have been re-examined with the aid of the 
rheotome both in the Stannius’ preparation and in the ventricle apex 
preparation. The accuracy of the statements previously made has 
been confirmed in every particular, 
_ In the rhythmically contracting ventticle, when led off in the 
manner stated in (1), the second phase, which we now prefer to call 
the terminal phase, has a definite direction in relation to the heart: 
itself, that is, it is always such that the apex becomes negative to the 
base. In the Stannius’ heart, as has been shown in a previous section, 
its direction is determined by the seat of excitation; that is, it is such 
that the contact nearest the seat of excitation becomes positive. Ac- 
cordingly the phraseology used in (1) and (2) can be applied to the 
Stannius’ heart only when the seat of excitation is at the base, and 
both of these statements can be included in ¥. following more general 
proposition :—In the inhibited ventricle, if either of the leading- 
off contacts is injured the terminal phase disappears, and 
the initial phase is followed by an electrical condition in 
_which the injured surface is more positive, or less negative 
relatively to the uninjured surface; this condition lasts during 
the whole of the isoelectrical period and extends beyond it. In the 
following experiment the seat of injury was near the base. 


[20] Stanniuy’ heart, led off at apex (m) and base (/), and excited at 
apex at 2 millims. distance from m. Before injury the contacts were isoelec- 
trical. After injury by touching the surface instantaneously with a platinum 
wire heated by the passage of a voltaic current, the difference was + 0°0128 D. 
During the observation it diminished to + 00078 D. The electrometer varia- 
tion before injury was —6 followed by + 4, after, -35. The galvanometric 
circuit was closed every tenth of a second after excitation, the period of 
closure being 0718. | 
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Uninjured|—20/-20 |-6 |-5 |-5 |-5 |. 0 | 0 | 0 
Injured |—80| - - 120| - 128] - 118] - 110| -110| —100| —100 
"1 "2 1-3 | 1-411" 1-8 | 19 | 2-0 | 
excitation 3 
Uninjared| 0 | 0} 010 | |+6 | +15 |+109] +97 |+10} 0 
Injured 60 |- 30 |-20 |~15| 0 


In the uninjured state the preparation presented the typical. cha- 
racters of the normal variation, the isoelectrical period lasting from the 
middle of the 1st second to the middle of the 2nd. In the injured 
state the condition of the preparation was nearly the same from the 
2nd tenth to the end of the first second, after which period the deflec- 
tions show a gradual diminution to the end of the 2nd second. It is 
particularly to be noticed that the effect of injury manifested itself as “ 
early as the 1st fifth, but, as judged by the deflection, was only half as 
great as during the 2nd fifth. It need scarcely be.stated that the 
difference of potential which during the observation diminished rapidly, 
was compensated before each observation. 

__ In the next two experiments the seat of injury was in the first at 
the apex, in the second at the base. _ 


[21 


ment the 


Stannius’ hearts led off and excited as above. In the first experi- 
apex contact before injury was slightly negative (-0°0012). After 


injury it was — 0-0076 D. and declined to — 00028 D. during the observation. 


o”-1 | 073 | o-4 | 075 | 07-6 | 078 | OD 
Uninjured| -12 | -12| -6 0 6 0 
Injured +30 | +70 | +95 | +80] +78 | -78| +78 | +76) +72 
Uninjured| 0 | 0 0 | 0 0 | 
Injured +70 | +60} +60 | +60] +54! +50] +39 | +10 
"9 | | | | 
Uninjured| +4 | +12 +30 | +50}] 0 

+20 0 


Injured 
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(2) 
| O's | | | 07-6 | | 07-9 
excitation | 
Uninjured| -12| -30| 0 | 0 | 0 | oO | 0 
Injured | -20| -40| -30| -38| - 40 |--32 | -20| -18 
Uninjured| 0 0 | O | +6 | +10) +10 | +10) +10 
Injured -19 | -19 | | -10| 0 | +20 
179 | | | | 9-3 | 
Uninjured| +12 | +32 +35 +12) 0 
Injured | +17 | +6 


In experiment (2) the effect of the injury was slighter, for the | 


_ largest deflections which were obtained during the middle fifth of the 
Ast second were found to correspond to a difference of potential of only 


00066 D. Accordingly, towards the end of the 2nd second the differ- 
ence declined to zero, the subsequent deflections in the opposite 
direction having the same meaning as in the normal variation. 


[22] Ventricle apex preparation, led off and excited as above described. 
The observation.was not begun until the effect of. cutting off the ventricle 
had so far subsided that the difference between the contacts m and f had 
diminished to —0:0006 D. The variation as observed with the electrometer 
was —5 followed by +5. Two minutes after injury of the surface at m, 
the difference was - 00076 D., and the electrometer readings of the varia- 


tion, + 13 scale. The difference subsided rapidly during the observation to 
00022 D. The duration of closure was the same as in the other experi- 
_ ments, viz. 0-18, but the periods terminated at every fifth of a second instead 
of at every tenth. 
Time after excitation | | | | | | | 
Before injury -40} -46} 0 | 0 | 44 | +6 | +9 
After injury +10 | +63 | +102) +83 | +72 | +65 | +60 
Time after excitation | | 16 | 1"8 | | 272) 
Betore injury +14} +14] +27 | +58); 0 
After i injury +50] 0 


The readings hon that the greatest effect of injury was snceed 
in the first half of the 1st second, .after.which it declined, at first 
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gradually then rapidly. During the period ending 02 after excitation, 
the difference between the state of the preparation before and after 
injury, as indicated by the deflections —46 and +63, amounted to 
0°0177 Daniell. 
In another series of experiments, the influence of injury was studied 
by comparing the condition of the injured part successively with the 
sound surface on either side of it, the purpose being to show that the 


effect of injury is strict 


an example, 


ly limited to the injured spot, The following is 


[23] A Stannius’ preparation was led off by contacts f and m on opposite 
sides of the ventricle (f on the right side and m on the left side) about half- 
way between base and apex, the seat of excitation being at m. After a series 
of observations had been taken, the surface was injured between the two 
contacts, the distance of which from each other was 3°5 millims, After as 


well as before the i 


injury the led off surfaces were sensibly equipotential 
(00002 D. to 0:0006 D.). The readings were as follows :— 


Time after excitation | | | | |. 12 

Before injury -35| -85| 0 | 0 +1] +3 |] +8 

After injury -42| -73| -15| -10} -61 0 0 
Time after excitation | | | 

Before injury +14] +50 +29; 0O | 0 

After injury +3 | +15! +30! +4 0 


: The position of the contact m was then shifted to the injured surface and 
two sets of observations were taken, first with / in its original position, and 


‘secondly with f in 


the position originally occupied by m. The readings 


were :— 
‘Time after excitation | | | | | | 17-0 
J on the left side +5 | +388 | +96] +96] +88 
F on the right side +20 | +61] +80]-+79 | +76 | +72 
Time after excitation | | 1%8 | | 
f on the left side +541 +11 0 0 

+48 | +6 3 


the right side 


+ 80 
+ 65 


In these, as in all the preceding cases, the largest deflections were 
observed during the Ist second after excitation. Each of the numbers 
is the mean of two observations, Between the first and second obser-— 


vation in each case the injury was renewed by retouching the surface 
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with the hot wire. The deflections 96 and 80, the highest observed in 

the two sets of experiments, correspond respectively to the electro- 

motive forces 0°0132 D. and 0°011 D. The difference between the two 

contacts in the unexcited state, in the observation recorded in the first 

line varied from 0:0067 D, to 0°0043 D.; as regards those in the second 
line from to 0°00382 D. 


_ Relation. between the effects of injury and those of the nani 
application of heat. The effects described in the preceding pages as 
produced by the destruction of the part of the surface of the ventricle 
to which the electrode m is applied, correspond in the main with those 
observed when the:same part is temporarily exposed to a temperature 
higher than that of the rest of the ventricle, There are, however, 
differences which cannot fail to excite attention as suggesting the 
question whether or not the two actions are of the same nature, The 
chief of these differences relates to the time after excitation at which 
the largest positive deflections of the needle are observed. In the case 
of the injured ventricle the positive maximum occurs at about the 
middle of the 1st second; in that of the temporarily warmed prepara- 
tion it occurs later. So long as the effect lasts it may be described by 
saying that the terminal phase begins and culminates earlier, so as to 
encroach on the period of equipotentiality, and that the extent of its 
deflection is much greater. 

It seemed to us probable from the comparison of the results pro- 
duced by slight injuries, of which the effects are very transitory, with 
those above referred to, that this difference was not fundamental, and 
- was in great measure dependent on the nature of the injury inflicted. 
For this reason it was thought desirable to investigate other modes of 
acting on the surface of the heart and in particular those of chemical 
excitants. The object we had in view was to bring about a very slight 
alteration of the surface of the ventricle in the neighbourhood of the 
leading-off electrode m, and then gradually to increase it until an effect 
corresponding with that of mechanical injury presented itself. This we 
hoped to accomplish by gradually increasing the strength of the solu- 
tion of salt with which the tip of m was moistened. It is well known 
that the 0°75 per cent. solution which is ordinarily used is without 
action. We had found that strong solutions (e.g., 40 per cent.) when 
applied to the surface of the ventricle act in the same way as mechani- 
cal injury. It might therefore be expected that by using solutions of 
intermediate strength, intermediate results might be obtained. : 
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We therefore acted on the surface of the ventricle in a series of 
Stannius’ preparations led off and excited in the usual way, by first 
dipping a camel-hair pencil in 20 per cent. solution of salt, then drain- 
ing it with filtering paper and applying it to the beak of the electrode 
m. In this way the reagent reached the surface very gradually. Its 
advent was always indicated by a motion of the needle which slowly 
swung in a direction indicating that the surface affected had become 
positive. This subsided after about a minute. It was then observed 
with the aid of the capillary. electrometer that the variation had altered 
its character. The nature of the alteration differed according to the 
strength of the solution used. When 10 per cent. solution was applied 
very sparingly, it usually happened that the deflections of the initial 
phase were increased and those of the terminal phase diminished, 
but on repeating the process (the effect of which was, of course, 
to strengthen the solution of salt at the surface of contact) the 


terminal positive was increased and showed itself earlier, so as to 
encroach on the isoelectrical period. In this stage the effect produced 


corresponded closely with the temporary effect of warming. If the 


_ application was repeated with a stronger solution, the isoelectrical 


period became shorter and shorter, and the positive deflections larger — 
and larger, until finally the variation assumed the characters which are 
observed when m is applied to an injured surface. From these facts it 


_ ig apparent that the characters of the variation which severally present. 


themselves when the surface of the ventricle at m is temporarily 
warmed and when it is more permanently injured, although they are 
distinguishable, may pass into each other by a continuous series of 


+ 


IV. RATE OF PROPAGATION OF THE ExciTaToRY STATE. 


The rate of propagation of the electrical change which serves as 
the sign of the excitatory state, admits of being determined by two | 
methods. The first consists in measuring directly with the rheotome, 
the time after excitation at which the first indications of electrical 
change are appreciable, and the distance from the seat of excitation at 
which the observation is made, The second depends on the assumption 
that the culmination of the initial phase, ¢.¢e. the sudden return from 
negativity of the nearer of the two leading-off contacts towards equi- 
potentiality, is dependent on the arrival of the excitation-wave to the 
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more distant contact. Both of these methods have been used by 
Engelmann and have led in his hands to the conclusion that the rate 
of propagation is less than 50 millims. per second. With reference to _ 
the first method, we found that correct results cannot be obtained by —- 
comparing the distance between the seat of excitation and any point 
in its progress, with the time at which its arrival at that point is indi- 
cated galvanometrically, for the reason that, neither the time nor the 
place of starting can be determined with certainty. When an induction 
current passes through a tissue, its excitatory influence extends over an 
undefined area which surrounds the contacts. The excitation-wave 
starts from the edge of this area, and consequently at an unknown 
distance from the electrodes. The uncertainty of time appears to affect 
the result much more seriously. It is not yet known how long 
required for the development of the excitatory electromotive force at 
any excited point. All that can be said is that it is a very short time. 
No statement can be made either as to its duration or its ry del 3 
This being so, the only satisfactory way of measuring the rate of 
mission is to compare the difference between the times at which the 
excitation-wave attains two points in a straight line emanating from 
the seat of excitation, with the distance between these points. 
In order to carry out this method the ventricle is as usual excited 
at the apex («) and led off by one contact (f) at the base and by one 
of two contacts (mand which occupy different distances between 
and f. If a large specimen of Rana esculenta is used, a distance of 
millimeters may. be interposed betwe8n # and m’ and a distance of 
_ $ millimeters between 2 and m.- m and m must be so connected by 
means of a switch that the preparation can be led off either by f and 
m or by f and m’. | In the first case the excitatory-wave has to travel 
from 2 to m, in the second from # to m’, consequently the difference | 
____ betweén the times after excitation at which the first effect appears — — 
corresponds to the distance between m and m’. 
[24] In an experiment of this kind, made at the temperature — 
of 12°C., it was found that when the preparation was perfectly fresh, 
the first effect appeared at m at 39 divisions of the scale of the 
rheotome, at m’ at 50 divisions, the distance between m and m’ being 
4 millims, As 10 divisions correspond to 0”-0291, this result gives 
‘as the rate of propagation 125 millims. per second. In another 
preparation observed in the same way the number of divisions was 12, 
the temperature being the same. In a third, at a lower temperature 
(7°C.) it was also 12. In each instance. the measurements were 
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twice, and in one instance three times repeated befure any notable 
lengthening of the time-interval took place, but in all this happened 
sooner or later, indicating that the rate gradually diminished from 
125 per second to 100 or 90, 
_ The. second method appears to us, when rightly used, to he 
equally reliable; it yields results which agree with those above 
stated. It consists simply in measuring the time-interval between 
the beginning and the, culmination of the initial phase. We have 
already seen that the interval does not exceed three-hundredths 
of a second when the distance between the two leading-off elec- 
trodes is three millimeters. In the heart of the tortoise, whén the 
leading-off electrodes are 15 millimeters apart, and the temperature 
is 20°C., we found it to be 0°15. 

We venture to think that Engelmann’s application of this 
method is open to objection. According to Engelmann the propa- 


gation rate Ae? 


and positive maxima of the “Doppelschwankung” and + the dis- 
tance between the electrodes. V was found to be 37°4 millims, 
Substituting for At the duration of the “Stadium  steigender 
‘Negativitaét” as it is shown in Plate x1. Fig. 1 of Prof. Engel- 
mann’s paper, viz. 0”°06, and for 7 the mean distance between 
the leading-off contacts in the ten experiments which the curve 


At being the time-interval between the negative 


represents, we have V= aon = 100. Engelmann’s own curves 


seem therefore, unless it can be shown that our mode of inter- 
preting them is wrong, to afford evidence that in his preparations 
the rate of propagation did not fall far short of the estimate given 
above. 


VY. CONCLUSION. 


In explanation “bf the phenomena described in the preceding 
paragraphs the only assumptions which are necessary are the fol- 
lowing: 1. Every excited part of the surface of the ventricle is 
during the excitatory state negative to every unexcited part. 2. The 
excitatory state is propagated in all directions. The rate of propa- 
gation (in the direction from apex towards base) is about 125 milli- 
meters per second, (It is probably the same in all directions.) 3. The 
duration of the excitatory state is in winter frogs from 16 to 1'°8 
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at the temperature of 12°C. 4. The duration of the state of dimi- 
nished excitability is the same. 

Analogous propositions to these have been recognized and expe- 
rimentally proved as regards voluntary muscle by Bernstein in his 
_ discussion of the theory of the excitatory process’. For their appli- 
cation to the ventricle of the frog heart we are answerable. As 
regards the duration of the excitatory state and its rate of propaga- 
tion, our conclusions differ from those of Engelmann with whom 
in other respects we agree. With reference to the duration of the 
state of diminished excitability, we have endeavoured to extend the 
observations of M. Marey. 

The rate of propagation being as above stated 125 millimeters per 
second and the local duration of the excitatory state 1"-7 at the 
temperature 12°C., the variation as observed in the normal heart led | 
off by two electrodes at four millimeters distance from each other is 
represented by the following diagram in which the continuous line 
expresses the duration and degree of the negativity (Reizwelle) at 
the near electrode m and the broken line the negativity of the more 
remote electrode f. This being so the differences between the’ ordinates 
of the two curves express the negativity of the contact m when the 
ordinates of the curve m exceed those of the curve f and wice versé. 
Transferring these differences to another axis from which the negative 
ordinates stretch upwards, those of opposite sign downwards, we have 
the curve V as the theoretical curve of the excitatory variation. It 
need scarcely be pointed out how entirely it agrees with that yielded 
by observation. 

The effect of partially lie the surface of the ventricle at m 
is to shorten the local duration of the excitatory state at the part 
warmed. In V’ the modification which this would produce is shown. 
Above are inscribed the curves m and /, of which V’ is the dif- 
ference. The initial phase is unaltered; but the terminal phase begins 
earlier and is strengthened. 


1 Untersuchungen tiber den Erregungsvorgang, Heidelberg, 1871. The following pas- 
sages may be referred to: as regards proposition 1, ‘‘Eine Stelle des Langschnitts, 
innerhalb der Reizwelle ist negativ gegen eine Stelle ausserhalb derselben” (p. 63); as 
regards 2 and 3, the whole-of p. 56 (loc. cit.) ; as regards 4, ‘‘ Die Intensitat der Erregung 
nimmt ab sobald die Zahl der Reize in der Secunde so gross geworden ist, dass das 
Interval zwischen zweien kleiner geworden ist, als die Dauer einer Reizwelle” (p. 140), 
the propagation rate being about 8 metres per second. In the ventricle the duration is 
about, 300 times greater, and the rate of propagation diminished in nearly corresponding 
proportion. According to Bernstein the ‘ Dauer einer Reizwelle” is ryigq sec. 
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ae “The upper figure is intended to exhibit the time-relations of the normal variation, _ 
the lower the same relations as modified when thé temperature of m exceeds that of f. 


Of the three vertical lines, the one to the left marks the moment of excitation, the other 
two the ends of the Ist and of the 2nd second. The curves m and f (in I) express 
respectively the electrical changes which take place during these two periods, m being the 


curve of negativity of the contact m, and f the curve of negativity of the contact f. - an 


Accordingly the distance, measured horizontally, between the ascending parts of m and f 
expresses the time occupied in the propagation of the negative wave from the contact m 
to the contact f. The distance between the two contacts in the case represented is 
three millims,-and the time about 0”-025. It being assumed that the duration of the 
excitatory state (the state of negativity) ts the samo at sm an it is at 7; the descents of the 
curves are as far apart as their ascents, 

two contacts are expressed by the corresponding distances between the two curves 
measured ‘vertically. These distances are set off on the horizontal line V. During. the 
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greater part of the excitatory period the two contacts are equipotential ; and accordingly 


the broken and continuous lines are coincident. The relative negativity of m to f during 
the initial phase is expressed by the white space above the line V and the relative 
positivity of m to f during the terminal phase by the white space below the same line, the 


vertical measurements of these spaces being equal to those of the corresponding distances 
of the curves m and f. 


In comparing tlie theoretical form of the first phase of the variation, as exhibited in 


that of the white space which represents it, with the curve which is obtained when the 


successive deflections of a rheotome observation aré set off as ordinates on a time-axis, 
it is seen that the latter is wider and at the same time less peaked. The reason of this 
difference has been explained in the text. It is the more considerable the longer the 
period of closure of the rheotome. For example, an initial phase of the duration indicated 
in the diagram (which, although obtained deductively, agrees closely with the results of 


experiment) would, in case the closing time of the rheotome were one-tenth of a second, 


express itself by negative deflections which would cover a period of not less than 0:17 
(whereas the actual duration of the period of negativity is not more than 0”-08), and would 
be nearly maximal for about 0’-05. If on the other hand the period of closure were 
shortened to one hundredth of a second, the curve obtained would very accurately repre- 


eS oe The same considerations of course apply to the 
terminal phase. 


The effect of injury of the surface at m is to diminish or 
weaken the excitatory state (Reizwelle) at the injured part. Con- 
sequently the equilibrium which normally exists between all parts 
of the surface during the “isoelectric interval” is destroyed. The 
initial phase is diminished in extent and is immediately followed 
by a positive phase which lasts to the end of the variation. 


The time relations which are expressed by the curves V and oS 


help us to understand most of the irregularities which occasionally 


‘present themselves in our rheotome readings. Thus for example 


we have seen that the initial phase is sometimes followed by a 


transitory phase of opposite sign giving rise to Engelmann’ s “ Dop- 
_ pelschwankung.” This must inevitably happen if the rise of the ~~~ 7 


excitatory wave is more gradual than it usually is at m or more 


abrupt at f There is however one anomaly which for the pre- 


sent we must leave unexplained; it is the apparent shortening of 
the total duration of the period of variation which happens after 
injury of which indications are to be found in almost all of the 
observations recorded in Section III. 
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APPENDIX I. | 

Electrical condition of the external surface of the resting ventricle. 

On the condition of the resting ventricle, when all parts of it 
are at equal temperature, we have nothing to add to the Scout 
already given by Prof. Engelmann. 

Throughout our observations we have met with no exception 
to his statement that the surface of the ventricle is in every case 
equipotential. When, however, the surface is unequally heated this 


equality is disturbed, This disturbance may be temporary or per- 
manent. 


Temporary effect. When the surface of the ventricle is led off 
at two points (f and m) and one of them is warmed by the ap- 
proach of a heated loop of platinum wire for a period of two 
seconds or more, the warmed contact becomes positive. to the other, 
as in the following experiment :— 


[25] A Stannius’ heart was led off at base (f) and apex (m). 
The wire loop was placed at a distance of three millimeters from 
m. About one second after closing the current the needle began 
to move in a direction indicating that the spot warmed became 
positive. By four seconds this movement had attained its maximum. 
If the heating was now discontinued, the effect subsided, ¢.e. the 
needle returned to zero, If at this moment the ventricle was excited 
by a single induction shock at the base, a deflection took place 
indicating that the apex became positive, the extent of this deflection 
being three or four times as great as the normal excitatory variation 
in the same direction: Thus. before warming, the surface being 
equipotential, the excitatory deflection was 59. After warming for 
three seconds the warmed contact became positive (12 galv. scale), 
and on excitation the deflection was 177, after which the needle 
returned to zero. .When the heating was prolonged or the distance 
of the loop from m was diminished, the warmed surface became for 
a moment positive, then permanently negative. | 

Another Stannius’ heart was led off and warmed in the same way. 
The excitatory deflection before warming was 56. After warming for 
10 seconds, the warmed contact became positive (15 galv. scale), but 
immediately afterwards negative (— 130 galv. scale), and on excitation 
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the needle swung to +210, returning to its previous negative position. 
In a precisely similar experiment in another heart the positive move- 
ment of the needle began at 4”, the negative at 9” after the closure 
of the warming current. Similar observations made at the same time 
yielded results which corresponded in every respect with those above 
given, showing that after a slight local increase of temperature the 
warmed spot becomes temporarily positive, speedily returning to its _ 
normal state of equipotentiality after the warming has ceased, and 
that if the warming is continued, the difference of potential changes 
sign. It will be seen subsequently that this negativity is the first 
sign of a permanent of the properties of 
surface. 


Permanent effect. In the following experiments the effect of 
warming the surface of the heart at the same spot repeatedly was 
observed. At first the effect resembled that which has been already 
described. Gradually, however, it was observed that the surface 
_ which had been warmed became slightly negative to the unwarmed ; 
.@. the positive effect which was the immediate consequence of 
each successive warming, was followed by a permanent and gradually 

increasing change in the opposite direction, the total amount of 
which, however, even in those experiments in which the warming 


was repeated ten or more times, never amounted to so much as a 
thousandth of a Daniell, 


[26] 1.  Stannius’ heart, warmed by wire at 2 millims, distance, for 8” 
at a time, and at intervals of two minutes. Before warming, + 0-002 D. ; after 
three warmings, the difference was + 0-0014; after five warmings, +0-0012 ; 
after ten warmings, —0°0008; after seven “additional warmings, ~0-0012. 
Immediately after each of these warmings the variation exhibited the char- 
acters previously described. 

II. Stannivs’ heart, warmed by wire at 3 millims. distance. Before 
warming, — 0-0004 D. After repeated warming for 5 seconds at a time at 
intervals of two minutes, ~0-0006. When with the rheotome the gal- 
vanometer circuit was closed during a period of 0”: 18, ending 1-4 after 
excitation, the deflection was, before warming, +5: after warming, + 37. 
As the value of this deflection in E. Mm. F. was about 0-006 D., it was about 
30 times as great as the difference in the negative direction produced by 

warming. 

IIL Stannius’ heart. Warmed by wire at two anda half millims. Before 
warming, + 0-0012 D. ; after warming ten times for 5",+0-0004. The deflec- 
tion during the rheotome period ending 1"-4 was, before warming, — 8 scale ; 
after warming +90, =about 0°009—that is, about eleven times as great as 
the difference due to injury. 


| 
a 
Re 
ay 
a 
wa 
nf 
3 


432 J. BURDON-SANDERSON AND F. J. M. PAGE. 


In a second observation on the same heart the results were :—Before 
warming, + 00004 ; after warming six times as before, 0-0. The deflection 
during the rheotome period ending at 1”°0 after excitation, before warming, — 
+1; after warming, + 95, &. 


IV. Stannius’ heart warmed at two millims. Before warming, + 0-0006 ; 
after warming 12 times, 0°0. The deflection during the rheotome period 
ending was before warming, +12; after warming, +76, M. F. value 
of +76, +0°007 D. : 


It cannot be doubted that the change of the surface of the heart — 
produced in the mode of experiment above described is of the 
same kind with the larger effects which manifest themselves when 
it is visibly destroyed or injured, whether mechanically or chemi- 
cally, in which case, as was before stated, a difference of potential 
may exist immediately after the injury amounting to 0:03 D, that is 
some twenty or thirty times as great as that described above. The 
application of heat by the methods used in the preceding experi- 
ments thus affords a means of producing in the part acted. on a 

local change or impairment, of which the extent can be graduated 
as utmost nicety. 


APPENDIX II. 
Description of the Rheotome used in the preceding investigation *. 


From a circular iron plate, supported on levelling screws, spring seo 
strong brass pillars, each 6 centims. in height, on the summits of which | 
rests a horizontal bar. In the middle of the bar is a screw, which ends 
below in a steel point. A similar steel point rises from the centre of 
the iron plate. On these centres works a vertical axis about 5 centims. 


“On. New communicated to the Boyal Boiety 
by J. Burdon-Sanderson. ae on the next page. 
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in length. The steel point on which the lower end of the axis works 
- is surrounded by a circular plate of vulcanite about 0-5 centim. thick. 
In this plate are cut eight pools, of which the forms are shown in the 
diagram (Fig. 1). They are intended to contain mercury and are tra- — 
versed by platinum wires, of which the arrangement is such that the 
pools a, a, a, a, and 6, b, b, b, are severally connected with each other. 
_ The two rings of wire are insulated and are connected ‘Tespectively 

with the binding-screws G and G. 

The fixed circular plate above described is surrounded by a moveable 
annular plate of the same material and thickness, which also has eight 
excavations or pools, all of which can be brought into communication 
by means of an annular trough of mercury by which they are sur- 
i rounded. To the outer edge of the annular plate is fixed a graduated 
circle of brass, which revolves with it.. Against this circle works a 
tangent screw, each turn of which corresponds to a.single division of 
the graduation; this screw is furnished with a divided milled head 
and can be thrown out of gear when necessary by the auxiliary screw, 
in a manner which will be readily understood from the drawing. The 
Vertical axis carries at its upper end a pulley, by means of which it is 
connected with a motor, and can be made to revolve at any desired 
rate, Above the pulley is a platinum wire, the end of which is bent 
- downwards so as to dip into an annular pool of mercury, which is in 
metallic connexion with the horizontal bar, and thereby with the iron 


plate and the binding screw B’. The vertical axis also carries three 


“arms, of which one is longer than the other two ; the longer arm carries 

t its end the vertical screw g; this screw is prolonged at its 
- lower end by an amalgamated gold wire, the end of which dips into 
the mercury contained in the external pool, as the axis rotates. This 
arm is insulated at c, but is connected with the axis, and thereby 
through the annular pool above described with the binding screw B’. 
As the external pools are connected through the arm hf with the bind- 
ing screw B, B and B’ are in communication whenever the screw g 
is in contact with the mercury in any of the pools. Each pool is fur- 
nished with a vulcanite stop, by which it is thrown out of communi-- 
cation with the external pool. In the drawing all are thus out of — 
communication excepting one. 

The two shorter arms are in metallic connexion with each other, 
but are insulated from the axis by a collar of vulcanite d, One of 
them carries a screw e, which like g ends in a gold wire, of which the 
tip is amalgamated; the other carries a similar screw f, and is so 
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constructed that the screw f can be moved radially (7.¢. in a vertical 
plane which contains the axis of rotation) to any required distance 
from the axis. The two arms meet each other at an angle of 45°. 

From the form and arrangement of the internal pools (see Fig. 1) 
it is evident that whenever the screw e is in contact with any of the 
pools 6, 6, 6, b, the screw f must be in contact with the pools a, a, a, a 

(see Fig. 2), and further inasmuch as f is nearer the axis than e, the 
times at which e makes and breaks contact with the pool 5 must 
respectively precede and follow those at which contact with the pool 
a is made and broken by f. Consequently the time during which 
both are in contact (i.e. during which the circuit G G is closed) is 
determined solely by the duration of the immersion of f and can be 
varied by altering its distance from the centre. 

When it. is desired to use the rheotome for investigating the effects 
of series of excitations recurring at short intervals (tetanus of muscle 
or nerve), all the pools are equally filled with mercury. 

Their equality must be tested by interpolating each set of pools in 
the circuit of a Grove’s cell, which also includes a recording chrono- 
graph; if the chronographic record shows that the durations of the 
contacts are not perfectly equal, the error must be corrected by adding 
or subtracting mercury. For investigating the effects of single 
excitations, only one of the external and one couple of the internal 
pools are used. 

The drawing (Fig. 2) shows the arrangement of the apparatus as 
used in the investigation of the electrical phenomena of the ventricle 
of the heart of the frog. The instrument is set so that the external 
contact g is broken at a moment which immediately precedes the 
immersion of f; consequently the galvanometer circuit G G is open 
at, the moment. of excitation, but closed immediately after, remaining 
closed so long as f is immersed. By means of the tangent screw, the 
interval between the opening of the exciting circuit B B, and the 
closing of the galvanometer circuit G G, can be varied at will. 
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ON THE ANTAGONISMS OF ACONITIA ON THE FROG’S 
HEART. By SIDNEY RINGER, M.D., Professor o Medicine 
in Unwwersity College, London. 


I. On the Action of Aconitia itself on the Heart of the Frog. © 


_ WHEN aconitia’ is injected under the skin of a frog in doses from 
zioth to +,th grain, loss of sensation, as indicated by the inability of 
stimuli to call forth reflex actions, comes on in a few minutes, and all 
voluntary movements are lost in about half an hour. If the heart be 
then laid bare in the usual way, it will be found, according to the dose, 
to be either beating more slowly and feebly than usual or to be in 
complete standstill with the cavities widely distended. The beats, 
which after the small doses may continue for one or two hours, are not 
"only slower and feebler but also present certain marked features. The 
auricles beat much more rapidly than the ventricle, so that two or more 
beats of the former oceur to one of the latter. Moreover the con- 
tractions of the ventricular walls are irregular and incoordinate ; one 
part only of the ventricle will often contract by itself and drive the 
blood to another part causing this to become distended and pouched ; 
the pouched portion will, in many cases, subsequently take up the 
contraction, the previously contracted portion becoming pouched in 
turn. Thus a wave, so to speak, of contraction and pouch-like dis- 
tention may pass over the ventricle rendering the whole beat highly 
irregular, Aschscharumow (Archiv f. Anat. u. Physiol., 1866, p. 255) 
who noticed this remarkable effect of aconitia believed it to occur in 
the final stages only of poisoning; but I have seen it even in quite 
early stages. 
After even these irregular incoordinate contractions have ceased, 


and the ventricle has come to a complete standstill, no spontaneous 


contractions at all appearing, a beat of the ventricle may be evoked by 
direct mechanical stimulation ; and the beat thus artificially produced 
exhibits in many cases the same features of pouching through partial 
incoordinate contraction, 


1 I used Hopkins and William’s aconitia dissolved by the addition of dilute sulphuric 
acid, two minims to each grain. 
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It is evident that aconitia acts for some reason more powerfully on 
the ventricle than on the auricles, and that it affects the machinery 
(automatic ganglia) which carry out spontaneous beats earlier than the 
machinery (reflex ganglia, muscular substance) by means of which 
artificial stimulation gives rise to a beat, Further, it has a peculiar 
_ effect either on the muscular substance or the ganglia, leading to the 
beat whether spontaneous or induced having the special characters 
described above, | 

I may add that the fact of the heart continuing to beat for a long 
time after general paralysis has set in is a clear proof of the view which 
I have elsewhere urged that the general paralysis cannot possibly be 
merely the result of failure of the heart’s beat. 


II. The Antagonism between Aconitia and Atropia. 


The following five experiments will serve to illustrate the relative 
actions of the two drugs. 


Sept. 15. I injected a tenth of a grain of aconitia into a frog weighi 
39 grammes. In three minutes sensation and reflex action were abolish 
and voluntary movement in twenty-four minutes, I then exposed the heart 
and found the ventricle motionless and widely distended, but the auricles 
contracted well at 22 per minute, Twenty-seven minutes after poisoning 
each mechanical stimulus excited a weak incoordinate ventricular contraction. 
Thirty-two minutes after the poison mechanical stimulation failed to excite 
any ventricular contraction, but the auricles beat spontaneously 22 good | 
contractions per minute. Thirty-five minutes after poisoning I applied to the 
heart a small quantity of a 2 per cent, solution of atropia, and in six 
minutes each mechanical stimulus excited a good ventricular contraction. 
The auricles continued to beat spontaneously. I took observations every five 
minutes, aud the heart continued in exactly the same state till twenty-nine 
minutes after the application of atropia, when spontaneous ventricular con- 
tractions commenced. In thirty-one minutes the ventricle beat fairly well at 
8 per minute, and in thirty-seven minutes 14; in forty-three minutes, 15 fair 
beats per minute. Two hours and a quarter after the application of atropia 
the ventricle beat well spontaneously about one beat per minute, and each 
mechanical stimulus excited an effective ventricular contraction. “The auricles 
at this time beat spontaneously 20 good beats per minute, 


Sept. 16. I injected 4, gr. of aconitia into a frog weighing 40 grammes. 
Reflex action disappeared in seven minutes and voluntary power in twenty- 
one. Twenty-seven minutes after the poisoning I exposed the heart, The 
ventricle was motionless, widely extended, and did not contract on mechanical 
stimulation. The auricles beat spontaneously but slowly and somewhat 
feebly. In twenty-eight minutes I applied a small quantity of a 2 per 
cent. solution of atropia. In one minute the auricular action improved, 
beating 18 per minute, but the ventricle remained motionless and refused to 
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contract under a mechanical stimulus. In six minutes the auricles beat well 
at 22, and mechanical stimulation produced a distinct though rather weak 
ventricular contraction. In nine minutes spontaneous ventricular contraction 
begun, 12 per minute, irregular in character but fairly strong. To each beat 
of the ventricles the auricles beat twice, but in thirteen minutes the auricles 
and ventricle beat alike in frequency, 14 good regular spontaneous beats per 
minute. In eighteen minutes the beats rose to 24 per minute. Ninety-three 
minutes later the heart beat fairy well and regularly at 14 per minute. 


Sept. 16. I injected'a frog weighing 47 grammes with =), grain of 
aconitia, Reflex action ceased in two and voluntary power in twenty-two 
minutes. Then I exposed the heart and found both auricles and ventricles 
beating, the ventricle contracting badly and incoordinately. During the 
following thirty-two minutes the ventricular contractions gradually fell to 
only one or two beats per minute, the auricles however continuing to beat 
from 24 to 28. Then on applying a little of a 2 per cent. solution of sulphate 
of atropia, in six minutes the ventricular contraction beating five in the 
minute became almost coordinate. In eight minutes they rose to 14; in ten 
minutes to 20, and became almost coordinate. During the following forty 
minutes, 7.¢. till fifty minutes after the application of atropia, the heart 
continued beating fairly well coordinately at 18 to 19 per minute. Sixteen 
hours after the poisoning the heart beat fairly well at 12, and eighteen 
hours later 10 weak beats per minute. Twenty-one hours afterwards the 
heart stopped widely distended, but a mechanical stimulus excited a weak 
contraction. 


Sept. 16. I injected a frog weighing 47 grammes with ,5 grain of 
aconitia. Reflex action ceased in five, and voluntary movement in seventeen 
minutes, Eighteen minutes after the poisoning I exposed the heart and 
found both auricles and ventricles beating at 14 per minute, the contractions 
of the ventricle being very incoordinate. During the ensuing sixty-two 
minutes the contraction varied from 14 to 16 per minute, the action of the 
ventricle continuing very incoordinate. I then applied a small quantity of a 2 
per cent. solution of sulphate of atropia. The pulsations rose to 20 and the 
contractions of the ventricle became a little stronger and strictly coordinate. 

_ Sept. 17. I injected #4, grain of aconitia into a frog weighing 35 grammes. 
Reflex action ceased in three. and voluntary movement in ten minutes. 
Twelve minutes after poisoning I exposed the heart, The ventricle contracted 
strongly but very incoordinately at 2 per minute, whilst the auricles con- 
tracted well at 28 per minute. Six minutes later spontaneous contractions 
ceased in the ventricle, but during the following fourteen minutes (that is till 
thirty-two minutes after the poisoning) a mechanical stimulus excited a strong 
but incoordinate ventricular contraction. The auricles all this while con- 
tracted well at 24 to 28 per minute. I then applied a small quantity of a 2 per 
cent. solution of sulphate of atropia. In six minutes I found that a mechanical 
stimulus more easily induced a ventricular contraction. The heart continued 
in the same state till seventeen minutes after dosing with atropia, when 
spontaneous ventricular contractions begun strong from the first though very 
incoordinate. Thirty minutes from the application of atropia the ventricle 
beat strongly but rather incoordinately at 14 per minute, and the auricles 
regularly at 28 per minute. Two hours after dosing with atropia the ventri- 
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cular contractions had fallen to 2 strong incoordinate contractions per 
minute and the auricular to 10, I then applied the atropia, and during the 
ensuing twenty minutes the ventricular contractions rose to 8 and became 
strong and almost coordinated. Five hours after the second application of 
atropia the ventricle contracted 7 strong coordinated beats per minute. 

The results of these five experiments may be summarized as fol- 
lows : 


First case. The aconitia completely paralysed the ventricle so that 
even a mechanical stimulus failed to excite a contraction. Six minutes 
after applying atropia, a mechanical stimulus produced a contraction ; 
in twenty-nine minutes spontaneous ventricular contractions begun 
and rose to 14 fair beats per minute. The spontaneous contractions 
persisted two hours and a quarter. | 


Second case. The aconitia completely paralysed the ventricle, so 
that even a mechanical stimulus failed to excite a contraction. Six 
minutes after the application of atropia, a mechanical stimulus excited 
a ventricular contraction; in nine minutes spontaneous ventricular 
contractions begun and rose to 20 good coordinate beats, continuing 
more than ninety minutes. 

Third case. The aconitia almost arrested the ventricle which beat 
only once per minute. Six minutes after dosing with atropia the 
contractions improved and rose to 20 fair coordinate beats, 


Fourth case. The aconitia weakened the ventricular contractions 
and made them very incoordinate. Atropia increased the frequency of 
the beats by four and made them stronger and coordinate. ; 

Fifth case. Aconitia arrested the spontaneous ventricular contrac- 
tions, but a mechanical stimulus excited an incoordinate contraction. 
Seventeen minutes after applying atropia spontaneous ventricular con- 
tractions begun and in fourteen minutes they became coordinate, 


In every instance atropia effectually antagonized the action of aco- 
nitia. Where the ventricle was completely paralysed, atropia restored 
the pulsations; where the pulsations were only slowed, weakened, and 
incoordinate, atropia strengthened, accelerated, and coordinated them. 
The suspended ventricular contractions returned in the following way : 
first, a mechanical stimulus excited an incoordinate but otherwise fairly 
good contraction, then some minutes later, spontaneous ventricular 
contractions began, at first incoordinate, but which became coordinate. 

On the view that the absence of response to mechanical stimulation 
is due to a loss of power of the muscular substance we may conclude 
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that the antagonism of atropia and aconitia manifests itself in the 
muscular substance of the heart before it is brought to bear on the 
(ganglionic) nervous machinery which carry out the spontaneous con- 
tractions. In the language of the hypothesis put forward on a previous 
occasion (this Journal, Vol. 1. 1879, p. 235)", atropia has a stronger 
affinity for the cardiac tissues than ‘has aconitia, the latter consequently 


being replaced by the former, first in the muscular and en in 
the nervous ganglionic tissue, 


It may be remarked that the antagonistic action of atropia, ie 


unequivocal, is not absolutely complete. Atropia does not restore the. 


aconitized heart to a perfectly normal condition, The heart's beats, thou 
they may be restored to perfect coordination, remain slower and es ly 
weaker than those of a natural heart. Moreover the antagonism may in 


certain cases be absent or manifested to a slight degree mp Oe especially where — 


the action of ncouitiea is very profound. Thus in the case of three frogs poisoned 


with 1; or zy aconitia, in two of which even the auricle had ceased to 


beat, the recuperative effects of a 2 p.c. solution of atropia were very slight 
and confined entirely to the auricle, no beat spontaneous or arial could be 
observed's in the ventricle. 


III. The action of Aconitia on the Muscarized Heart, and 
| of Muscarin on the Aconitized Heart. | 


When the heart is brought to a standstill*, either rapidly by the 

direct application of a large dose, or more slowly by repeated applica- 
_ tions of smaller doses of muscarin, no visible effect is produced by the 
subsequent application of aconitia; no contractions make their appear- 
_ ance, the heart remaining motionless and quiescent. This is what one 
might expect, since the effect of both muscarin and aconitia is to 
weaken and arrest the heart’s beats. If the application of the aconitia 
be followed by that of atropia, the beats are resumed, being at first 


- 1 It is only just to Mr Langley that I should take this opportunity of expressing my 
regret, that it had escaped my notice that in a paper in this Journal (Vol. 1. p. 867), he had 
put forward an hypothesis concerning the action of drugs of a wholly similar nature; I 
may at the same time be allowed to congratulate myself that so acute an observer has 
been led to adopt and the first to formulate a view at which I had magnet nenepensently 
arrived. 
2 As Langley has already noticed, the direct application of the small fragment of 

muscarin-extract to one portion of the ventricular walls-leads at first to a local effect 
confined to that portion. The contractions in this portion become feeble, and soon the 


part ceasing to contract at all bulges out in a pouch during the contraction of the rest of 


the ventricle. Subsequently this local effect spreads over the rest of the cardiac substance 
until the whole heart becomes quiescent. 
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incoordinate, as after aconitia poisoning, but subsequently regular and 
strong. From this we might infer that the aconitia does really replace 
the muscarin, so that the standstill which is continued after the aconitia 
has been given is different from that previously due to the action of 
the muscarin, though we are unable to perceive these differences until 
the quiescence of the heart is broken by the influence of atropin. 
When muscarin is given to a heart brought to a standstill by 
aconitia there is in like manner no visible effect; the heart. still 
remains motionless, As in the previous case the beats are restored by 
atropin, and here also the dominant influence of the aconitia makes 
itself felt by the lack of coordination in ate earlier beats of the 
restoration, | 


IV. The relations of Aconitia and Pilocarpine. 


‘The following experiment will serve to illustrate the — of 
these two drugs in reference to the heart. | 


_ Sept. 19, I injected a frog weighing 35 grammes with zo grain of 
aconitia, In twelve minutes, when paralysis became complete,” I exposed 
the heart, opened the pericardial sac and found the ventricle and auricles 
contracting well, the ventricle once and the auricles 20 times per minute, then 
I applied a 2 p.c. solution of nitrate of pilocarpine. In three minutes the | 
ventricle completely stopped beating and the auricles almost stopped. In seven 
minutes I applied a little of a 10 p. c. solution of nitrate of pilocarpine, and fif- 
teen minutes later, whilst the ventricle remained motionless, the auricles beat 
well 26 per minute. In thirty-four minutes the heart remained in the same 
condition and mechanical stimulation failed to provoke a ventricular con- 
traction, I then applied a 2 p.c. solution of sulphate of atropia. In two 
minutes the auricles beat well at 48 per minute. In eleven minutes 
mechanical stimulation excited a ventricular contraction. In fourteen minutes 
spontaneous ventricular contractions began. In eighteen minutes the, ven- 

tricle contracted pretty well, but very incoordinately, 14 times a minute. 
3 poem Aowragin after the application of the atropia the ventricle contracted, 

y and pretty well, 16 per minute, 


"From this and the similar results of other experiments it would 


appear that pilocarpine will not antagonize aconitia in the sense of Soa 


restoring the beats of a heart brought to a standstill by that drug. 
But a8 in the case of muscarin and aconitia, so also in the case of pilo- 
carpine and aconitia, restoration by atropia brings out the (latent) 
special effect of the aconitia as shown by the, at first, incoordinate 
contractions, | 
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Thus while atropia and pilocarpine both autagonize muscarin, 
atropia only will antagonize aconitia in the sense “of restoring the 
heart’s beat. 


The conclusions anived at in this paper may be summarized as 
follows : 


1. Aconitia slows and weakens the heart and sesbantieansi the 
ventricular contraction, this incoordination occurring before the heart’s 
contractions are greatly weakened. 

2. Sometimes the contractions though greatly slowed and very 
incoordinate continue fairly strong till the heart stops. 

3. Aconitia acts on the ventricle far more rapidly and powerfully 
than the auricles. 

4, Aconitia has a more powerful action on the cerebro-spinal 
centres than on the nervous structure of the heart, for after complete 
paralysis the heart often continues to contract well for a considerable 
time. 

5. The general depression from a poisonous dose of aconitia is 
partly and perhaps chiefly due to the direct action of the drug on the 
nervous centres, rather than to the weakening the circulation, conse- 
quent on the failure of the heart. ss ke 


6. Atropia antagonizes the action of aconitia on the heart. It 


restores the contractions in a heart arrested by aconitia, and strengthens, 


accelerates, and coordinates the heart simply weakened, slowed, and 


incoordinated by aconitia. 
7. Aconitia does not antagonize the action of muscarin, nor can 
muscarin antagonize the action of aconitia on the heart. | 
8, Atropia antagonizes the combined effects of aconitia and mus- 
9, Pilocarpine does not antagonize the action of aconitia on the 
heart. 


10. Atropia antagonizes the combined effects of aconitia and pilo- 


carpine, 

11. I have suggested that the antagonisms are due to chemical 
displacement, Atropia antagonizes muscarin, pilocarpine, and aconitia 
because it has a stronger affinity for the muscular and nervous struc- 
tures of the heart than these substances, and displaces them, replacing 
their effect by its own. : 
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THE DILATATION OF THE PUPIL AS AN INDEX OF 
“';THE PATH OF THE SENSORY IMPULSES IN 
THE SPINAL CORD. By ISAAC OTT, M.D, late Lecturer 


Hauperimental Physiology, University of Pennsylvania. 


THERE are three methods which may be employed to trace out the 
path of the sensory impulses in the spinal cord :—first, by making 
sections of the columns of the cord and noting if the animal expe- 
riences pain after an irritation behind the seat of section; the second, 
ty making partial division of the cord and then noting the rise in 
blood-pressure after irritating a sensory nerve; the third, in observing 
pe ilatation of the pupil upon an irritation behind the injury to the 
co 


The first method has been employed by all observers in the study 
of this subject; the second has been used by Ludwig and his pupils 
Dittmar, Miescher and Nawrocki, and the third has been brought 
forward by Schiff* and Foa. It is stated by Schiff that the 
impulses are carried upward by the gray matter, and thus produce a 
‘dilatation of the pupil. This movement of dilatation takes place after 

a stimulus so slight that Schiff considers it the best test of sensibility 
in a part. When a very brief irritation is made, it is not indicated by 
signs of pain, visible movement, or by augmentation of blood-pressure, 
nothing else save the dilatation of the pupil. When he irritated the 

gray matter, anterior or lateral columns, by electricity, augmentation of 
_ blood-pressure took place, but no dilatation of the pupil ensued. He 
further states that after extirpation of the cerebrum, the strongest 
galvanic excitation of the sensory nerves is powerless to dilate the 
pupil. It has occurred to me that it would be another excellent means 
to trace the path of the sensory fibres, especially the path of the tactile 
fibres. In these experiments shock does not seem to come so much 
into play after an operation, as with the other methods. 


Method :—Cats were selected, etherized, bound down and a tracheal 
cannula attached to the trachea. This cannula was connected to one 
arm of a Wolff-bottle containing ether, the other arm of the bottle 
being open. Then the skin at the junction of the dorsal and lumbar 
vertebres was divided, the fascia and muscles shaved off from the 

inous processes by a sharp knife, and held away by weighted hooks. 
The vertebrae were elevated by placing a wooden block beneath the 
abdomen. The vertebre: were broken down by means of a trephine 
and bone-forceps, The spinal dura mater was divided by means of a 
knife and forceps. The columns of the cord were divided either by free 
hand section or by Woroschiloff’s instrument. Then the wound was 


1 La Cupelle Considérée comme Esthesiometre. Paris, 1875. 
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closed and the animal permitted to rest a few hours, when it was 


again etherized and irritation of the | ey extremities produced by 
needles attached to the secondary coil of a du Bois inductorium, driven 
a small zinc and carbon cell, The pupil was exposed, by holding 


the eyelids apart with weighted hooks, the oe being » 


drawn aside, and the external commissure slit up. e.cord afterwards 
was immersed in alcohol for twenty-four hours and then placed in a 
weak solution of bichromate of ammonia. When the whole cord, save 
the posterior columns, was. divided asin Fig. 1, then irritation of the 


skin of the posterior extremities produced no dilatation of the pupil. 
This experiment demonstrated that no impulse was transmitted by the 
,, columns alone. If the cord was divided as in Fig. 2, the 

teral columns being divided; then irritation of the posterior extremi- 


ties was without effect upon the pupil. Here neither the gray matter, — 


terior or anterior columns, conveyed impulses affecting the pupil. 

f the posterior columns are alone divided as in Fig. 3, then im 
are conveyed upward and produce a dilatation of the pupil, as ss 
remarked-by Schiff. . These experiments (which are not the only ones 


made upon this subject) demonstrate that the sensory impressions are — 


conveyed only by the lateral columns to produce a dilatation of the 
eran The posterior columns, gray matter, or anterior columns are not 

irectly concerned in the transmission of impulses producing dilatation 
of the pupil. I think it may be regarded as proven, that sensory 
impulses are conveyed only by the lateral columns, The methods of 
pain, blood-pressure and dilatation of the pupil, all prove this fact. In 
regard to the tactile fibres of the posterior columns, these experiments 
make their existence in these columns doubtful, When you pinch an 


animal or even touch it, then the pupil dilates by impressions con- © 


ed alone by the lateral columns. The pupil-test. is an exceedingly 


ve 
delicate one, and is not much interfered with by shock... If any fibres — 


of touch ran in the posterior columns this test ought to reveal them. 
The least band of the lateral column in its posterior third was found 
‘sufficient to carry impressions powerful enough to dilate the pupil. In 


experiments made some years ago at my direction the irritation in dogs — 
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under chloroform roduced instead of a dilatation a contraction of the 
pupil which lasted as long as the irritation did. It was not temporary 
as Schiff has observed previous to the dilatation. 


Decussation of Sensory Fibres :—That the motor fibres decussate 
in the medulla has been shown by Mistichelli, and several subsequent 
observers. In conjunction with Dr R. M. Smith I have shown that in- 
hibitory fibres decussate in cats a little below the apex of the calamus 
scriptorius. The decussation of the sensory fibres has engaged the 
attention of many observers. Some (Galen, Flourens, F. Nasse, 
Longet, Kurschner, Volkmann and Chauveau) hold that there is 
no decussation of the sensory fibres in the spinal cord. Others, like 
Brown-Sequard, that. they decussate completely, whilst some 
(Fodera, Cooper, Kélliker and Budge) believe that they decus- 
sate only in part. As these different observers operated on different 
animals it was thought that the different animals produced the dis- 
cordant results. Von Bezold however proved this to be an error, 

as he operated on frogs, birds and mammals, and arrived at the 
conclusion that a direct decussation of the sensory fibres was not to be 
upheld; although he also admits that an absolute decision of this 
question is impossible, Schiff, who has made numerous experiments, 
holds that the decussation of the sensory fibres in the spinal cord does 
not take place, whilst Woroschiloff believes the sensory fibres decus- 
sate. Whilst —— st the path of the sensory fibres, I also 
experimented upon their decussation in the cord. | 

Method :—Rabbits and pigeons were used in these experiments. 
They were etherized and the cord divided in the manner detailed in 
the beginning of this paper. | 

When a hemisection was made in the lumbar region and another 


at the junction of the cervical and dorsal vertebree on the opposite — 
~~~ ~side, ‘then in one experiment’ faint sensibility was perceived in the 


posterior extremity, whilst in another experiment the sensibility was 
- quite fair in one leg and feeble in the other. If the whole cord was 

ivided in the cervical region except a lateral column, then hyper- 
esthesia occurs on the side of section, whilst there is diminished 
sensibility in the opposite side. : 

If in a pigeon a hemisection was made on the right side at 
the junction of the cervical and dorsal vertebra, then hyperesthesia 
occurred on the side of section and anzsthesia on the opposite side. - 

If in a rabbit a longitudinal division in the median line is made 


of the lumbar cord for about an inch, below the lumbar enlargement, 


then no sensibility in the posterior extremities is perceived except upon 

strong pinching; the voluntary movements persist in a feeble degree. 
These a confirm completely the views of Brown-Se- 

quard that, the sensory fibres decussate in the spinal cord. The experi- 


ments on pigeons contradict the statement of Chauveau, and prove 
that there is a decussation in the upper part of their cord as has been 
pointed out by Brown-Sequard. | 


. 
: 
% 
4 
fe 
4 > 
We, 
a 
au 
‘g 
¥ 
43 


NOTE ON THE ACTION UPON THE CIRCULATION 
OF CERTAIN VOLATILE OILS. By Drs H. Cc. WOOD 
and EDWARD T. REICHUT. 

Our knowledge of the action of the volatile oils after absorption is so 

slight that it seems worth while to put on record the results of twelve 

experiments performed in the Laboratory of.the University of Pennsylvania. 

The oils employed were those of cloves, peppermint and nutmeg. When 

injected into the circulation the oils, both of cloves and peppermint, kill by 

paralysing the heart. Even after the use of very small quantities the reduction 
of the arterial pressure is immediate, marked, and lasting. In several cases 
fatal syncope was produced by the injection of from four to six drops of the oil 
of cloves into the jugular vein of a cat, When the oils were administered in 
this way, no rise of pressure could be obtained from any dose. In several — 
cases, however, in which the air coming from an artificial respiration apparatus 
was passed through oil of cloves before entering the lungs of the animal, there 
was a decided and progressive rise of arterial pressure. In a single experi- 
ment performed upon an animal with cut vagi this rise of pressure failed to 
occur, and it is therefore possible that it may be caused by an action on the 
peripheral pulmonic or cardiac vagi. The fall of pressure produced by these 
oils is at least in part due to a direct action upon the heart, for it occurs 
after section of the vagi, and the heart after death is found insensitive to — 
galvanic currents ; further, the cut-out heart of the frog is paralysed by direct 
application of the oil. In our experiments the oil of cloves appeured at least 
twice as strong as oil of peppermint in its power over the heart. The oil of 
nutmeg differs essentially in its action on the organism from the other oils 
experimented with in that, even when injected into the jugular vein, it pro- 
duces death by asphyxia, and not by syncope. The death is preceded by 
a somewhat protracted stage of unconsciousness, with profound anssthesia, 
even the ocular reflexes being abolished. Although its cardiac action is 
dominated by its influence upon the upper nerve-centres, the oil of nutmeg 
shares in some degree the power of oil of cloves upon the heart. We were 
never able to obtain other-than a fall of arterial pressure from its use. How 
far these volatile oils impress the vaso-motor system was not determined. 

Both pulse and respiration were reduced in frequency by all of the oils, the 

action of the nutmeg upon the respiration being especially marked. 
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